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Sir, 

I, Leon Garcia-Nfartinez, Ph.D., declare that: 

1. ) I am ciurently employed as the Director of Antibody Therapeutics at Alder 
Biopharmaceuticals, Inc., the assignee of all right, title and interest in the above-captioned 
patent application number 10/577,074 ("the '074 application"). 

2. ) I was awarded my Ph.D. in 1 993 from the University of Texas at Austin in the 
field of Biochemistry. I subsequently spent five years as a post-doctoral fellow at the 
University Of Texas Southwestem Medical Center studying the transcriptional regulation of 
the HIV-1 and HIV-2 virus. My educational history is provided in my Curriculum Vitae 
("CV"), provided herewith as the CV Appendix. 

3 . ) From 1 998 until I joined Alder Biopharmaceuticals, Inc., in September 2005, 1 
was employed at Signal Pharmaceuticals (now part of Celgene Corporation), at Celltech 
Rx&D (now part of UCB), and at ICOS Corporation. Since jouung Alder Biopharmaceuticals, 
Inc., in September 2005, 1 have directed the company's activities in the area of fermentation 
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research. This has included the development of bio-processes for the expression of full 
length monoclonal antibodies using our diploid Pichia pastoris strains, as well as the transfer 
of the technology to a contract manufacturing organization for its scale-up. The expression 
of full-length antibodies using Alder Biopharmaceutical's diploid Pichia pastoris strains has 
been successfully scaled to 2000L. 

4. ) I have read, and am familiar with, the specification and claims of the *074 
application as well as the Office Action issued on March 18, 2009 (hereinafter the "Office 
Action"), as well as all of the documents specifically identified in the Office Action and m 
this Declaration. 

5. ) I understand based on this review that claim 21 of the '074 application has 
been rejected in the Office Action "... as claiming subject matter which was not described in 
the application in such a way as to enable one skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and/or use the invention." I have been advised 
that "enable" is a legal term and in the context of the rejection means that the Examiner has 
prelmiinarily concluded that the teachings of the specification considered with technical 
information that would have been generally known in the field of the subject invention (yeast 
fermentation) would allegedly not teach a skilled artisan how to practice the claimed methods 
absent significant ("undue") experimentation. More specifically, I note that the Examiner has 
expressed a viewpoint that it would not be routine to produce 100 mg/1 of complete (intact) 
antibodies in recombinant yeast I fiirther understand that the Examiner has expressed a 
viewpoint that the amount of guidance provided in the '074 application is limited to the 
construction of the yeast cells, and it is the Examiner's position that there is no further 
guidance in the *074 application as to how to obtain the high level of production claimed. 

6. ) I have been asked (based on my relevant experience in the use of microbial 
fermentation to produce recombinant proteins, and in particular my familiarity regarding the 
use of Pichia to produce recombinant proteins such as antibodies) to provide my opinion as 
to whether one of ordinary skill in the art would have been able to produce a complete 
antibody at levels of at least 100 mg/1 or higher as of October 22, 2003, by expressing same 
in a diploid yeast strain, e.g., a Pichia strain, following the teachings described in the '074 
application and further based on information generally known to those fanailiar with yeast 
femientation absent the exercise of "undue experimentation". For the reasons contained 
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herein, and further based on the experimental evidence provided herewith, my opinion is 
overwhelmingly ''yes". 

7. ) I must note at the outset that my opinion does not in anyway contradict the 
truly unexpected nature of this result (&at diploidal Pichia using conventional fermentation 
techniques would have been capable of expressing intact antibodies at such high levels). This 
was truly unexpected since yeast such as Pichia normally exists in haploid form. A more 
plausible result and conclusion without the benefit of hindsight concerning the present 
invention would have been that diploidal Pichia would have been less favored for the 
production of intact antibodies and that the yields of intact antibody produced thereby would 
be negligible and/or that the diploidal yeast cells might not be capable of secreting intact 
antibody into the culture medium. It would not have been anticipated prior to the subject 
invention that diploid yeast such as Pichia would have been capable of stably expressing and 
secreting intact, correctly assembled antibodies into the culture medium at such 
extraordinarily high levels. However, this does not contravene my opinion and experimental 
data refuting the enablement rejection because this unexpected result (the obtained yields of 
intact antibody) has been reproducibly achieved using diploidal yeast strains substantially 
produced according to the teachings of the subject application using several different 
fermentation techniques which those skilled in the art would have been aware of as of the 
date of the present invention. My opinion is further supported by the fact that these results 
have been reproducibly achieved with different antibody sequences, antibodies against 
different antigens, different diploidal yeast strains, and using different fermentation 
conditions. 

8. ) In providing my opinion, I reference experimental results obtained here at 
Alder and by Alder's collaborators which were obtained using fermentation methods that 
would have been well known to one of skill in the art as of October 22, 2003. 

9. ) I attach herewith as Appendices A-C graphical results obtained from 
experiments performed either at Alder Biopharmaceuticals, Inc., or under contract at a remote 
fermentation faciUty. In the case of the experiments conducted at Alder and at the University 
of British Columbia imder contract to Alder, I supervised and/or directed these experiments. 
For the experiments performed by the Contract Manufacturing Organization (CMO), I was a 
key member of the Alder project team managing this contract research. In each of the 
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experiments in Appendices A-C, transformed diploid yeast produced according to the 
teachings of the '074 application were placed into fermentation conditions to produce a 
certain humanized antibody. For each of these experiments, the cells were separated from the 
supernatant at the conclusion of the fermentation run, and the antibody titer was determined 
using a High Performance Liquid Chromatograph (HPLC). I have smnmarized the results of 
the experiments below: 

A ppendix A - In this experiment, a diploid Pichia pastoris strain was created 
by the mating of two haploid strains. Both haploid strains were transformed 
prior to mating, one with a construct to express a heavy antibody chain and 
another to express a light antibody chain. Expression of both heavy and light 
chains was under the control of the GAP promoter. The resulting diploid 
Pichia pastoris strain was cultured for about 100 hours. These cells were 
cultured using an exponential feed technique to provide the fermentation 
media. The results demonstrate a final supernatant titer for antibody #1 of 
between about 450 to about 570 mg/L at about 90 hours fermentation time, 
and greater than 600 mg/L at 120 hours of fermentation time. The process 
"D8" was done in a 2000L fermentor in North Carolina by Alder's CMO. The 
A26 process was conducted at Alder Biopharmaceuticals in Applikon 15L 
stainless steel reactors. Finally, the B5 process was conducted at Alder 
Biopharmaceuticals using lOL New Brunswick glass vessel reactors. 

Appendix B - In this e3q)eriment, several diploid Pichia pastoris yeast strains 
were built as mentioned m Appendix A. Three different strains expressing 
three different antibodies are compared using a similar process. The 
experiment "C2" expressing "Antibody 1" was conducted by Alder 
Biopharmaceuticals' collaborator at the University of British Columbia in a IL 
glass vessel Applikon reactor, and the titers reached at about 90 hours of 
fermentation were approximately 650 mg/L. The experiments "L22" and 
"L66" expressing "Antibody 2" and "Antibody 3", respectively, were 
conducted in Alder's Fermentation Research facility and reached a secreted 
antibody titer between about 850 and about 1250 mg/L at about 90 hours of 
fermentation. 
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A ppendix C - In this experiment, a diploid Pichia pastoris yeast strain built as 
mentioned in Appendix A was used A cell bank was generated in April 2007 
and tested in process "B6" within a week of the cell bank's generation. The 
same cell bank was used in August 2009 in two experiments identified as 
"L133" and "L134". "B6" was run in New Brunswick lOL glass vessels at 
Alder Biopharmaceuticals. "L133" and "L134" were run in 2.5L Labfors 
glass vessels at Alder Biopharmaceuticals. Even though the cell bank was 
greater than 2 years old, the results demonstrate comparable results. 
Therefore, diploid Pichia pastoris strains seem stable under common storage 
conditions (frozen in glycerol at -80**C) for greater than 2 years. 

10. ) On page 14, paragraph [64] of the '074 application, it is stated that "[h]ost 
cells are . . . cultured in conventional nutrient media modified as appropriate for inducing 
promoters, selecting transformants or amplifying the genes encoding the desired sequences. 
A number of minimal media suitable for the growth of yeast are known in the art ... The 
culture conditions, such as temperature, pH and the like, are those previously used with the 
host cell selected for expression, and will be apparent to the ordinarily skilled artisan." 

11. ) The media used to generate the results detailed in Appendices A, B and C, is 
comparable to the basic media described in paragraph [64] of the *074 application. The 
components of the media used to generate the results detailed in Appendices A, B and C is 
provided herewith in Appendix D. As someone skilled in the art would do, we optimized 
multiple parameters such as pH, temperature, concentration of divalent cations etc. See, for 
example, U.S. Patent No. 5,330,901, column 8, for carbon-energy sources and nutrients 
known to be usefiil for culturing Pichia pastoris. See Goodrick et al, Biotechnol Bioeng., 74 
(6): 492-497 (2001), and U.S. Patent No. 5,440,018, column 11, regarding pH parameters for 
expression of proteins in Pichia pastoris. See also Sears et al. Yeast, 14:783-790 (1998), and 
Waterham et al. Gene, 196: 37-44 (1997) for exemplary carbon sources that may be used in 
conjunction with the GAP promoter. In addition, additives to improve titers were 
investigated and yeast extract was added. The addition of such additives is common in 
mdustry as described by Werten et al. Yeast, 15:1087 (1999), and in U.S. Patent No. 
6,232,111. 
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12. ) As supported by reference citations identified herein, and further based on my 
knowledge in the relevant art (yeast fermentation), both the exponential feed technique and 
the step feed technique which were used to provide this media to the Pichia pastoris yeast 
cells during the fermentation are techniques that would have been well known to one of 
ordinary skill in the art as of October 22, 2003. See the following articles, disclosing the use 
of these techniques and their applicability to the fermentation of yeast and Pichia pastoris in 
particular published or submitted before October 22, 2003 : 

• Use of exponential feed strategy: Modeling Pichia pastoris Growth on 
Methanol and Optimizing the Production of a Recombinant Protein, The 
Heavy-Chain Fragment C of Botulinum Neurotoxin, Serotype A. Zhang et al, 
Biotechnol Bioeng., 70:1-8 (2000). 

• Use of step feed strategies: Methods in Molecular Biology, volume 103, Pichia 
Protocols, edited by David R. Riggings and James M Cregg, chapter 9, page 
117, and chapter 11, page 160 (1998). 

Therefore, one skilled in the art would have been aware of several different methods that 
would have achieved this result. Of course with respect to my conclusions it would be 

generally understood by one skilled in the art that some amoimt of "optimization" may result 
in further enhanced expression levels. However, in my opinion this "optimization" would 
have been within the abilities of one of skilled in the art as of October 22, 2003, and would 
not rise to the level of "undue experimentation". 

13. ) Thus, in my opinion one of ordinary skill in the art following the teachings of 
the '074 application as of October 22, 2003, and using the well known techniques for 
delivery of feed to diploid Pichia pastoris yeast cells (which have been transformed to 
express and secrete into the culture medium a complete full length monoclonal antibody), 
would have been able, absent \mdue experimentation, to reproducibly achieve expression 
levels of at least 100 mg/1 or higher in the fermentation supematant following a reasonable 
fermentation time. 

14. ) I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
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these statements were made with the knowledge that willful &lse statements and the like so 
made are punishable by fine and imprisonment, or both, under 18 U.S.C. § 1001, and that 
such willful false statements may jeopardize the validity of the patent 



Executed on 



Declarant's Signature: 





Leon Garcia-Martinez, Ph.D. 



Home Address: 
4926 214* St. SE 
WoodinviUe,WA 98072 



7 



AppucationNo.: 10/577,074 
ATTORNEY Docket: 67858.701501 



Appendix A 




AppucationNo.: 10/577,074 
Attorney Docket: 67858.701501 



Appendix B 
Expression Comparisons 



1400 

1200 



^ 1000 



c 

E 
w 
a. 

3 



800 



600 



400 



200 







f 






L.n ^^^^ 















•<SrL66 



20 40 60 80 100 
Elapsed Fermentation Time in hrs 



120 



140 



APPLICATION No.: 10/577,074 
ATTORNEY Docket: 67858.70 1 50 1 



Appendix C 



Cell Bank Age and Expression 



600 




20 40 60 80 100 
Elapsed Fermentatfon Time in hrs 
Cell Bank Age and Growth Profiles 



20 40 60 80 100 
Elapsed Fermentation Time in lirs 



-»-L133 

.•L134 
-^B6 



120 




-«-L133 
1134 



120 



Application No.: 10/577,074 
Attorney Docket: 67858.701501 



Appendix D 

Batch Medium Components 

Glycerol or Glucose as carbon source 

Yeast Extract 

Potassium hydroxide 

85% Phosphoric acid 

Magnesium sulfate 

Potassium sulfate 

Ammonium sulfate 

Sodium citrate 

Ammonium Phosphate 

Potassium Phosphate 

PTMl 

Antifoam 204 

Feed Components 
Glucose 
Yeast Extract 
PTMl 

Potassium phosphate 
Magnesium sulfate 

PTMl Components 
Cupric sulfate 
Sodium iodide 
Manganese sulfate 
Sodium molybdate 
Boric acid 
Cobalt chloride 
Zinc chloride 
Ferrous sulfate 
Biotin 

Sulfuric acid 
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Leon F. Garcia-Martinez Ph.D. 



(425) 483-7059 hm 
(425)478-9066 cell 
lgarcia306@aol.com 

Director Antibody Therapeutics 



Home Address 
4926 214th St. S.E. 
Woodinville, WA 98072 



Over twelve years of diverse biotech experience in multiple roles addressing aspects in the drug discovery 
process. Led a group of ten scientists (Ph.D. and M.S7B.S) in a program which led to the identification of a 
therapeutic antibody now in Phase 11 clinical trials. Supervised the technology development and implementation 
efforts that led to the expression of a full-length monoclonal antibody in Pichia pastoris at 2000L scale to support 
clinical trials. Led a target validation project that resulted in two patent applications (one published) and co-lead 
an second effort comparably resourced. Central scientist in a collaboration that developed, implemented and 
managed a high-throughput in vitro transcription screen for the discovery of small molecule inhibitors of HIV 
which resulted in a major milestone payment for the company. Broad experience with biochemical and cellular 
assay design and implementation, protein expression, purification and characterization. 

APPOINTMENTS AND POSITIONS 

2005 - Current Director Antibody Therapeutics 

• Lead a team in the discovery of novel therapeutic antibody molecules. One molecule, 
ALD518 is currently in Phase lib clinical trials. 

• Instrumental on the development of MabXpress, a Pichia pastoris based technology for the 
expression of fulMength monoclonal antibodies. 

• Supervised a team for the development of technology for a Pichia pastoris fermentation 
process using diploid strains and the subsequent downstream purification of full length 
monoclonal antibodies. This technology was transferred to a CMO, further optimized and 
GMP Phase I and Phase Ila/b material was produced at the 2000L scale. 

• Participated in reviewing and acceptance of batch records for two GMP manufacturing 
campaigns using Pichia pastoris. 

• Participated as *'person-in-plant" during multiple GMP manufacturing campaigns. 

These efforts resulted in the production of the first full-length monoclonal antibody molecule in Pichia 
pastoris that has been tested in Humans. 

2004 - 2005 Sr. Scientist. / Project Leader Icos Corporation 

• Planned and led the execution of a target validation program for the adhesion molecule 
CDllc. 

• Led a team of eight scientist and research associates. 

• Cell-based characterization of antibody molecules that modulate cell-adhesion biology. 

• Performed in-vivo evaluation of antibodies and toxin-conjugated antibody molecules. 

Some of these efforts were published in Leukocyte Research in 2007 

2002 - 2004 Project Leader / Sr. Scientist. Celltech R&D Inc. 

• Planned and led the execution of a target validation program (immunology). 

• Supervised two Associate Scientists (Sr. and level II) and led a team of 10 scientists and 
research associates in a matrix management environment. 

• Expressed and purified antibodies and antigens (10s of ^gs to lOOmgs). 

• Designed and validated cell-based and in vitro assays (e.g. novel MLRs, cell migration, Tg- 
specific response assays) . 

• In vivo (mice) evaluation of lead therapeutic proteins (antibodies and recombinant protein 
agents). 

• Initiated and managed external activities supporting the target validation effort. 
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• Reported project status and advised management both in the US and the UK regarding 
resource allocation for this and other projects. 

These efforts resulted in two published applications, as well as a published manuscript and a second one in 
preparation. Participated in the triage and prioritization of targets regarding multiple research initiatives. 



2001-2002 Sr. Scientist Celltech R&D Inc. 

• Designed, executed and supervised in vitro and cell based assay development, 
implementation and validation for two target validation projects (including cell proliferation, 
GTP-y-S, chemotaxis, cellular differentiation, etc.) directed at neutrophil-driven and 
epidermal inflammation. 

• Provided biochemical and cellular support for structure-activity relationship study for a 
medicinal chemistry program. 

• Used organotypical cultures for testing of lead biologicals. 

• Expressed and purified proteins in 82, baculo and bacteria systems. 

• Generated and analyzed transgenic mice. 

• Supervised two associate scientists (level I and Sr.). 



The efforts resulted in intellectual property that is in patent prosecution. 

1998 - 2000 Scientist U and Sr. Scientist. Signal Pharmaceuticals (now part of Celgene Corporation). 

• Designed, implemented and supervised high-throughput screens looking for inhibitors of 
specific steps in viral life cycle (HIV and HCV). 

• Responsible for the large scale (>100k compounds) screening campaign towards defined 
therapeutic targets. 

• Responsible for protein expression, purification and quality control for these HTS efforts. 

• Implemented laboratory automation. 

• Coordinated efforts with chemistry for compound selection and prioritization. 

• Reported project status and coordinated efforts with Dupont Pharmaceuticals as part of this 
collaboration. 

• Supervised two associate scientists (level II and Sr.) 

Optimization of this screen resulted in a 0.6% hit rate and 85% confirmation rate, that triggered the 
payment of a milestone for the company. 

1993 - 1998 Instructor / Post-Doctoral Fellow. UT Southwestern Medical Center at Dallas. Laboratory 
of Dr. Richard B. Gaynor. 

• Virology (HIV). 

• Purified endogenous multi-protein complexes. 

• Expressed and purified recombinant proteins (Bacteria, mammalian (vaccinia), baculo). 

• Developed and validated several in vitro assays for protein functionality. 

• Established several cell lines for protein production and analysis. 

• Established key steps on the mechanism of transactivation by HIV Tat protein. 

• Supervised two laboratory technicians. 

Published nine papers in renowned peer reviewed journals. 

1998 - 2000 Doctoral Student. UT Austin. Laboratory of Dr. Dean Appling. 

• Determined the compartmentalization of purine biosynthesis to the mitochondria 

• Conducted several subcellular fractionation studies. 

• Purified and analyzed endogenous and recombinant proteins. 

• Conducted Yeast (S. cerevisiae) genetic studies on purine biosynthesis. 
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These results were part of my Ph.D. Dissertation (Studies on the compartmentation of folate mediated 
metabolism). A part of this thesis was published in an internationally recognized peer reviewed journal. 

1982 - 1986 Institute Technologico de Monterrey (ITESM). Mexico. 

• Prepared polar non polar and mixed plant extracts for subsequent fractionation. 

• Separated secondary metabolites from higher plants using flash chromatography. 

• Analyzed and determined the structure of several plant metabolites using thin layer 
chromatography, NMR, IR and UV spectropscopy. 

Thesis: "Contribution to the chemical study of Senecio praecox and Salvia lasiantha", 

EDUCATION 

1988 - 1993 Ph. D. (Biochemistry), University of Texas, Austin, TX. 

1982 - 1986 B. S. with Thesis (Chemistry), Instituto Tecnologico y de Estudios Superiores de Monterrey 
(ITESM), Monterrey N. L. Mexico. 

Additional Training 

2002 "Advance Course in Immunology" by the American Association of Immunologist at Standford 
University in California. An intensive course presenting recent advances in understanding of the 
biology of the immune system and its role in health and disease. Faculty composed of leading experts in 
their respective fields. 

2001 "From the Laboratory to Leadership" a program offered through the Washington Biotechnology and 
Biomedical Association. Kirkland, WA. This unique program is custom-designed for executives and 
managers in scientific fields who must direct highly productive teams and prospering businesses in 
emerging scientific technologies. 

2001 "REAL Project Management". Formal project management training with emphasis on development 
and implementation of project management skills. 

HONORS AND AWARDS 

Pediatric AIDS Foundation Scholar (1995). 

Eakin Centennial Fellowship in Biochemistry (1993). 

Professional Development Award from the Office of Graduate Studies, 
University of Texas at Austin (1992). 

GRANTS 

Scholar Award, Pediatric AIDS Foundation (1995 - 1997). 
INVITED LECTURES 

A Robust Expression Platform for the Rapid Production of Full-Length Therapeutic Antibodies in Pichia 
pastoris. American Chemical Society, Biotechnology Division, Washington DC (2009) 
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Manufacture of FuU-Length Therapeutic Antibodies in Pichia Pastoris: Development and Optimization. 
Recent Advances in Fermentation Technology, Florida (2007) 

Characterization of Therapeutic Antibodies Derived from a Novel Yeast Expression Platform Using Bio- 
Layer Interferometry (BLI). Screening Europe. Barcelona, Spain (2007). 

Validation of CD83 as a Target for Inflammation or Immune Modulated Disease. Celltech R&D Slough, 
England (2003). 

Cold Spring Harbor Laboratories Symposium on Retroviruses (1997). 

Molecular Biology of the Infection by HIV. Sixth International Simposium on AIDS. School of 
Medicine. Universidad Aut6noma de Nuevo Le6n, Monterrey N.L. Mexico (1994). 

Update on the Molecular Biology of the Infection by HIV. Continual Medical Education. Colegio 
Mddico. Rioverde S.L.P. Mexico (1994). 

Approaches to the Study of Metabolic Compartmentation in Yeast. First Texas yeast conclave. Institute 
of Molecular Genetics. Baylor College of Medicine. Houston TX (1992). 



MEETING PRESENTATIONS 

LF, Garcia-Martinez, Ou S-HL, Mavankal G. and Gaynor RB. Analysis of the Basal and Tat-Induced 
Transcription Levels for the HIV-1 and 2 LTR's. FASEB summer research conferences: Transcription 
regulation during cell growth differentiation and development (1994). 

LF. Garcia-Martinez and Appling DR. Characterization of the Mitochondrial Oxidation of the Third 
Carbon of Serine. FASEB summer research conferences: Folic acid. Vitamin B-12 and One-Carbon 
Metabolism (1992). 

LF, Garcia-Martinez and Appling DR. Characterization of the Metabolic Fate of the B-Carbon from L- 
Serine in Isolated Rat Liver Mitochondria. FASEB summer research conferences: Folic acid, Vitamin 
B 1 2 and One-Carbon Metabolism ( 1 990). 



BOOK CHAPTERS 

Garcia-Martinez LF and Garcia JV Human immunodeficiency viruses: Molecular biology. In: 
Encyclopedia of Virology. A. Granoff and R. Webster editors (1999). 

PUBLICATIONS 

1) Sadhu, C, Ting H.L, Lipsky, K., Hensley, L., Garcia-Martinez, L.F., Simon, S.L, Staunton, D.E. 
CDl lc/CD18: novel ligands and a role in delayed-type hypersensitivity. J. Leukoc. Biol. 81^ 1395-1403 
(2007). 

2) Garcia-Martinez LF, Appleby MW, Staehling-Hampton K, Andrews DM, Chen Y., McEuen M, Tang P, 
Rhinehart RL, Proll S, Paeper B, Brunkow ME, Grandea AG 3'^ Howard ED, Walker DE, Charmley P, Johas 
M, Shaw S, Latham JA, Ramsdell F. A novel mutation in CD83 results in the development of a unique 
population of CD4+ T cells. J Imunol. 173 2995-3001 (2004). 

3) Garcia-Martinez LF, Biker GK, Wu J,0'Neill J, Barbosa MS and Kovelman R. In vitro high-throughput 
assay for modulators of transcrition. Anal. Biochem. 30i 103-1 10 (2002). 
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4) Ivanov D, Kwak YT, Nee E. Guo J, Garcia-Martinez LF, Gaynor RB. Cyclin Tl domains involved in 
complex formation with Tat and TAR RNA are critical for tat-activation. J. Mol. Biol. 288 41-56 (1999). 

5) Liu L, Kwak YT. Bex F, Garcia-Martinez LF, Li XH, Meek K., Lane WS, Gaynor RB. DNA-dependent 
protein kinase phosphorylation of IkappaB alpha and DcappaB beta regulates NF-kappaB DNA binding 
properties. Mol. Cell Biol. 18 4221-4234 (1998). 

6) Garcia-Martinez LF., Mavankal G., Neveu JM., Lane SW., Ivanov D. and Gaynor RB. Purification of a 
Tat- Associated Kinase Reveals a TFIIH Complex that Modulates HIV- 1 EMBO J. \6 2836-2850 ( 1 997). 

7) Harrich D., Ulich C, Garcia-Martinez LF. and Gaynor RB. Tat is Required is Required for Efficient HIV-1 
Reverse Transcription EMBO J. 16 1224-1235 (1997). 

8) Garcia-Martinez LF., Ivanov D. and Gaynor RB. Association of Tat with Purified HIV-1 and HIV-2 
Transcription Preinitiation Complexes J. Biol. Chem. 272 6951-6958(1997). 

9) Orsini MJ., Garcia-Martinez LF., Mavankal G., Gaynor RB and Debouck CM. Purification and Functional 
Characterization of Wild-Type and Mutant HIV- 1 and HIV-2 Proteins Expressed in Escherichia coli. Protein 
Expression & Purification 8 238-246 (1996). 

10) LF. Garcia-Martinez, Mavankal G., Peters P., Wu-Baer F. and Gaynor RB, Tat Functions to Stimulate the 
Elongation Properties of Transcription Complexes Paused by the Duplicated TAR RNA Element of Human 
Immunodeficiency Virus 2. J. Mol. Biol. 254 350-363 (1995). 

11) S-H I.Ou. Wu F., Harrich D., Garcia-Martmez LF. and Gaynor RB. Cloning and Characterization of a 
Novel Cellular Protein, TDP-43, That Binds to Human Immunodeficiency Virus Type 1 TAR DNA Sequence 
Motifs. J. Virology 69 3584-3596 (1995). 

12) S-H I.Ou, Garcia-Martinez LF., Paulsen EP. and Gaynor RB. Role of Flanking E Box Motifs on HIV-1 
TATA Element Function. J. Virology 68 7188-7199 (1994). 

13) LF. Garcia-Martinez and Appling DR. Characterization of the Folate-Dependent Mitochondrial Oxidation 
of Carbon Three of Serine. Biochemistry 32 467 1-4676 (1993). 

PATENT APPLICATIONS 

Olson, Katie; Dutzar, Ben; Jensen, Anne; Garcia-Martinez, Leon; Ojala, Ethan; Latham, John. "Antibodies to 
TNF alpha and use thereof 20090022659. 

Garcia-Martinez; Leon, Jensen, Anne; Olson, Katie; Dutzar, Ben; Ojala, Ethan; Kovacevich, Brian; Latham, 
John; Smith, Jeffrey. "Antibodies to IL-6 and the use thereof 20090028784. 

Leon Fernando Garcia Martinez, Karen Staehling-Hampton, Fred Ramsdell, Mark Appleby and Sean Proll 
"Manipulation of Cytokine Levels using CD83 Gene Products" WO03045318 (2003). 

Garcia-Martinez; Leon Fernando; Chen, Yuching; Andrews, Dawn; "Modulating immune responses" 
20080299122. 
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U.S. Patent No. 5,330,901, to Prevatt et al. 



United States Patent [i9] 

Prevatt et al. 



US005330901A 

[11] Patent Number: 
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ABSTRACT 



A process for the production of HSA in Pichia pastoris 
cells comprising cultivating Pichia pastoris cells capable 
of expressing HSA at a pH of about 5.7 to about 6.4 
contemporaneously with the expression of HSA. 
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EXPRESSION OF HUMAN SERUM ALBUMIN IN 

PICHIA PASTORIS 

FIELD OF THE INVENTION 

This invention relates to the field of recombinant 
DNA biotechnology. In one aspect, this invention re- 
lates to a process for the improved expression of se- 
creted, human serium albumin (HSA) in Pichia pastoris. 

BACKGROUND 

Human serum albumin is the most abundant plasma 
protein, of adults. The concentration of albumin is 40 
mg/ml, or 160 g of albumin circulating throughout the 
human body for a 70 Kg adult male. This protein main- 
tains osmotic pressure, and functions in the binding and 
transport of copper, nickel, calcium (weakly, at 2-3 
binding sites), bilirubin and protoporphyrin, long-chain 
fatty acids, prostaglandins, steroid hormones (weak 
binding with these hormones promotes their transfer 
across the membranes), thyroxine, triiodothyronine, 
crystine, and glutathione. According to Peters, T. and 
Reed, R. G. in Albumin: Structure, Biosynthesis and 
Function, (Peter, T. and Sjoholm, J. eds.) 1977 p. 11-20, 
over 10,000 kilograms of purified albumin are adminis* 
tered annually in the United States alone to patients 
with circulatory failure or with albumin depletion. 

Currently the only commercial source of HSA is 
from fractionated blood. Considering the possible dan- 
gers of blood borne contaminants and pathogens, it 30 
would be a considerable contribution to the commercial 
production of HSA to develop alternate methods of 
producing HSA. With the advent of recombinant DNA 
technology, it is now possible to produce HSA by alter- 
nate methods. 35 

HSA has also been expressed in Saccharomyces cereyi- 
siae as disclosed by Etcheverry et al. in Bio/technology, 
August 1986, p. 726 and Arjum Singh in EPA 123,544. 
Etcheverry disclosed HSA expression intracellularly in 



conditions suitable for the sustained viability of said 
Pichia pastoris cells under suitable conditions for the 
expression of HSA by said Pichia pastoris cells; and 
maintaining the pH of said fermentation broth from a 
pH of from about 5.7 to about 6.0 contemporaneously 
with the expression of HSA. 

DETAILED DESCRIPTION OF THE FIGURES 

FIG. 1 provides a representation of plasmid pA0804 
which contains a linear site-specific integrative vector 
in the fragment clockwise from Bglll to Bglll. The 
structural gene may be inserted in the unique EcoRI site 
of this plasmid. This plasmid may be recovered from the 
plasmid DNA of NRRL B-181 14 by EcoRI digest and 
gd electrophoresis to recover a linear —7.4 kb EcoRI 
fragment corresponding to FIG. 1. 

FIG. 2 provides a representation of pHSA13 in circu- 
lar form. 

FIG. 3 provides a restriction map of the AOXl 5' 
regulatory region isolated from Pichia pastoris. 

FIG. 4 provides a restriction map of the DASl 5' 
regulatory region isolated from Pichia pastoris. 

FIG. 5 provides a restriction map of the AOXl 3' 
termination sequence isolated from Pichia pastoris. 

FIG. 6 provides a restriction map of the DASl 3' 
termination sequence isolated from Pichia pastoris. 

HG, 7 provides a representation of pHSA113 in 
linear form. 

FIG. 8 provides a representation of plasmid 
pAO807N which contains a linear site-specific integra- 
tive vector in the fragment clockwise from NotI to 
Notl. The structural gene may be inserted in the unique 
EcoRI site of this plasmid. 



DETAILED DESCRIPTION 

Generally Pichia pastoris is optimally grown at from 
about pH 4.8 to about pH 5.2. Between this pH range 
Pichia pastoris provided with a suitable nutrient media 



a concentration of approximately 6 mg/1 and the secre- 40 exhibits robust growth. This pH range also appears to 



tion of HSA which remained cell associated. Arjum 
Singh also disclosed the expression of HSA in Saccha- 
romyces cerevisiae in combination with the a-factor 
promoter and signal sequence. Singh appears to have 
been able to achieve an intracellular production level of 45 
approximately 25 mg/1 and a secreted production level 
of 3 mg/1. Pichia pastoris has also been used to express 
HSA as is disclosed in EPA 344,459. The concentration 
of HSA produced in Pichia pastoris appears to be about 



result in high levels of expression of several foreign 
proteins such as hepatitis B surface antigen. This pH 
range also appeared to provide high levels of expression 
with human serum albumin (HSA). For example grow- 
ing Pichia pastoris cells which had been transformed 
with a vector containing a HSA structural gene opera- 
bly linked to a 5' regulatory region (i.e. a promoter) and 
a 3' termination sequence, the expression levels of HSA 
which had been obtained were approximately 0.71 to 



89 ng HSA/mg of protein. Although the process for 50 0-81 grams/liters of HSA in the fermentation broth. 



producing HSA in recombinant expression system has 
been esublished by these experiments it would be desir- 
able to optimize these processes to achieve the maxi- 
mum possible HSA production. 

Therefore, it would be a significant contribution to 55 
the art to provide a process for increasing the yeild of 
HSA from the recombinant expression of HSA in mi- 



However, we have been able to further increase this 
yield by at least 50% by taking the unprecedented step 
of shifting the pH of the fermentation broth from about 
5.2 to in the range of from about pH 5.7 to about pH 6.4, 
with a preferred pH range of from about pH 5.7 to 
about pH 6.0 and most preferably a pH in the range of 
from pH 5.75 to pH 5.85. The increased secretion levels 
obtained in the upper limits of the pH range (i.e. from in 
the range of pH 6.0 to pH 6.4) have been confirmed in 



croorganism such as Pichia pastoris. 

Therefore, it is an object of this invention to provide 
a process for increasing the yield of HSA produced in a 60 shake tube optimization studies which indicate that the 

presence of yeast extract and peptone together with 
aeration will provide optimal HSA secretion in shake 



recombinant expression systems. 

SUMMARY OF THE INVENTION 

In accordance, we have discovered a process for 
improving the secreted expression of HSA in Pichia 65 
pastoris cells comprising: 

(a) cultivating in a fermentation broth transformed 
Pichia pastoris cells capable of expressing HSA under 



tubes. However, the use of yeast extract, peptone and 
excess aeration is not believed necessary in large scale 
fermentation where the pH can be continuously moni- 
tored. We believe that this higher pH level will increase 
the yield of any Pichia pastoris strain transformed with 
an expression cassette conuining a promoter and a 
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Structural gene encoding a signal sequence and the ma- nine or thymine and the most preferred nucleotide at 
ture HSA protein. Further it would appear that this the —4 position is adenine, thymine or cytosine. Cur- 
result will be applicable to a variety of heterologous rently, it is preferred that the AOXl or DASl 5' regula- 
structural genes which encode a signal sequence and a tory region having the restriction maps of FIGS. 3 and 
mature heterologous protein. Suitable heterologous S 4 or, the sequences provided as SEQ ID No: 1 and SEQ 
proteins which may be expressed at higher levels utiliz- ID No: 2, respectively, be linked at their 3' end of the 
ing this method include but are not limited to heterolo- sequence to the ATG start codon of the HSA structural 
gous proteins selected from the group consisting of gene. One example of an appropriate linkages for the 
tissue plasminogen activator, albumins (such as human AOXl 5' regulatory region is illustrated below: 
serum albumin), lysozymes (such as bovine lysozyme). 10 tari p i 

interferons (such as gamma-interferon and beta-inter- ^ lAbLfcl 

feron) and invertase. Each of the heterologous struc- 
tural genes utilized in the present invention must have a 
signal sequence operably linked to the 5' end of se- 
quence coding for the mature heterologous protein to 15 
effect the secretion of the mature protein. For example 
the tissue plasmigen activator, human serum albumins, Several 5' regulatory regions have been characterized 
bovine lysozyme, beta-interferon, gamma-interferon and can be employed in conjunction with the expression 
and invertase proteins may all be secreted utilizing the of HSA in PIchia pastoris. Exemplary 5' regulatory re- 
native signal sequence. Furthermore these proteins may 20 gions are the primary alcohol oxidase (AOXl), dihy- 
also be secreted utilizing secretion signal sequences droxyacetone synthase (DASl), glyceraIdehyde-3- 
from Pichia pastoris such as the acid phosphatase signal phosphate dehydrogenase gene (GAP), acid phospha- 
sequence disclosed in U.S. patent application Ser. No. tase gene (PHOl) and the p40 regulatory regions, de- 
07/627,539 filed Dec. 14, 1990 by Richard Buckholz rived from Pichia pastoris and the like. The AOXl 5' 
assigned to Phillips Petroleum Company (incorporated 25 regulatory region, DASl 5' regulatory region and p40 
herein by reference) or the alpha-mating factor signal 5* regulatory region are described in U.S. Pat, No. 
sequence from Saccharomyces cerevisiae, 4,855,231. incorporated herein by reference. The GAP 

Utihzing the present invention, HSA secretion levels 5' regulatory region is disclosed in EPA 374,913 pub- 
of approximately 1-3 grams of authentic HSA per liter lished Jun. 27, 1990. incorporated herein by reference, 
of fermentation broth have been obtained. This inven- 30 The PHOI 5' regulatory region is disclosed in U.S. 
tion thus provides a means for the high level secretion patent application 07/672,539 filed Dec. 14, 1990, as- 
of HSA. Achieving these levels of HSA production is a signed to Phillips Petroleum Company. The presently 
significant advancement over the prior production lev- preferred 5' regulatory regions employed in the practice 
els, since at the level of 1 -3 grams per liter the recovery of this invention are those characterized by their ability 
of HSA in high yields with high purities is possible. 35 to respond to methanol-coniaining media, such regula- 

To express the HSA structural gene, the gene must be tory regions selected from the group consisting of 
operably linked to a 5' regulatory region and a 3' termi- AOXl, and DASl. The most preferred 5' regulatory 
nation sequence, which forms an expression cassette region for the practice of this invention is the AOXl 5' 
which will be inserted into a host (usually a microor- regulatory region. 

ganism) via a vector (such as a plasmid or linear site- 40 3' termination sequences should be utilized in the 
specific integrative vector). Operably linked as used in expression cassette as discussed above. 3' termination 
this context refers to a juxtaposition wherein the 5' sequences may function to terminate, polyadenylate 
regulatory region, structural gene, and 3' termination and/or stabilize the messenger RNA coded for by the 
sequence are linked and configured so as to perform structural gene when operably linked to a gene, but the 
their normal function. 5' regulatory region or promoter 45 particular 3' termination sequence is not believed to be 
as iised herein means DNA sequences which respond to critical to the practice of the present invention. A few 
various stimuli and provide enhanced rates of mRNA examples of illustrative sources for 3' termination se- 
transcription. 3' termination sequence are sequences 3' quences for the practice of this invention include but are 
to the stop codon ofa structural gene which function to not limited to the Hansenula polymorpha and Pichia 
stabilize the mRNA transcription product of the gene to 50 pastoris 3' termination sequences. Preferred are those 
which the sequence is operably linked (such as sequen- derived from Pichia pastoris such as those selected from 
ces which elicit polyadenylation). For the practice of the group consisting of the 3' termination sequences of 
this invention, it is preferred that the ATG of the struc- AOXl gene, DASl gene, p40 gene GAP gene, PHOl 
tural gene be linked with as few intervening deox- gene and HIS4 gene. Particulariy preferred is the 3' 
yribonucleotides as possible to the 3' end of the 5' regu- 55 termination sequence of the AOXl gene, 
latory region, preferrably about 11 or less deoxyribonu- Pichia pastoris may be transformed with a variety of 
cleotides and most preferably 8 or less deoxyribonu- HSA structural genes (in the inventive transformants 
cleotides. It is also preferred that the adenine and thy- discussed herdn the HSA structural gene encodes both 
mine content of the intervening deoxyribonucleotides a signal sequence and a mature HSA protein). HSA 
be in the range of from about 55 percent to about 64 60 structural genes have been sequenced by Lawn ct al. 
percent. Further, it appears that there are nucleotide Nuc, Acids Res, 9:6105 (1981), and Dugaiczyk et al., 
preferences for certain specific locations. Counting left Proc Natl Acad, Sci, USA 79:71 (1982). These genes 
from the ATG condon of the structural gene with the may also be obtained by reisolation of the genes by the 
first position left being the —1 position, it appears that technique of Lawn et al., Dugaiczyk et al. or synthe- 
adenine or cytosine is the most preferred deoxyribonu- 65 sized in vitro by a custom gene manufacturer such as 
cleotide, in the -2 position the most preferred deoxyri- British Biotechnology, Ltd. One possible method of 
bonucleotide is either adenine or thymine, in the -3 obtaining a HSA gene would be to screen a human liver 
position the most preferred deoxyribonucleotide is ade- cDNA library with oligonucleotide probes or screen a 
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human liver cDNA expression library with anti-HSA 
antisera to identify HSA expressing cDNAs. One suit- 
able HSA structural gene is provided in SEQ ID NO: 3. 
Once a structural gene for HSA is recovered, it may be 
necessary to further tailor the gene. Following the isola- 
tion of an HSA structural gene, the gene is inserted into 
a suitable Pichia pastoris vector such as a plasmid or 
linear site-specific integrative vector. 

Plasmid-type vectors have long been one of the basic 
elements employed in recombinant DNA technology. 
Plasmids are circular extra-chromosomal double- 
stranded DNA found in microorganisms. Plasmids have 
been found to occur in single or multiple copies per cell. 
Included in plasmid DNA is the information required 
for plasmid reproduction, c.g. an autonomous replica- 
tion sequence such as those disclosed by James M. 
Cregg in U.S. Pat. No. 4,837,148, issued Jun. 6, 1989, 
incorporated herein by reference. Additionally one or 
more means of phenotypically selecting the plasmid in 
transformed cells may also be included in the informa- 
tion encoded in the plasmid. 

Suitable integrative vectors for the practice of the 
present invention are the linear site-specific integrative 
vectors described by James M, Cregg, in U.S. Pat. NO. 
4,882,279, issued Nov. 21, 1989, which is incorporated 
herein by reference. These vectors comprise a serially 
arranged sequence of at least 1) a first insertable DNA 
fragment; 2) a selectable marker gene; and 3) a second 
insertable DNA fragment. An expression cassette con- 
taining a heterologous structural gene is inserted in this 
vector between the first and second insertable DNA 
fragments either before or after the marker gene. Alter- 
natively, an expression cassette can be formed in situ if 
a regulatory region or promoter is contained within one 
of the insertable fragments to which the structural gene 35 
may be operably linked. 

The first and second insertable DNA fragments are 
each at least about 200 nucleotides in length and have 
nucleotide sequences which are homologous to portions 
of the genomic DNA of the species to be transformed. 
The various components of the integrative vector are 
serially arranged forming a linear fragment of DNA 
such that the expression cassette and the selectable 
marker gene are positioned between the 3' end of the 
first insertable DNA fragment and the 5' end of the 45 
second inscrublc DNA fragment. The first and second 
insertable DNA fragments are oriented with respect to 
one another in the serially arranged linear fragment as 
they are oriented in the parent genome. 

Nucleotide sequences useful as the first and second 
insertable DNA fragments are nucleotide sequences 
which are homologous with separate portions of the 
native genomic site at which genomic modification is to 
occur. For example, if genomic modification is to occur 
at the locus of the alcohol oxidase gene, the first and 
second insertable DNA fragments employed would be 
homologous to separate portions of the alcohol oxidase 
gene locus. Examples of nucleotide sequences which 
could be used as first and second insertable DNA frag. 
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nation originally used in U.S. Pat. Nos. 4.855,231 and 
4,885,242. The GAP gene is disclosed in EPA 374.913 
published Jun. 27, 1990 incorporated herein by refer- 
ence. The PHOl gene is disclosed in U.S. patent appli- 
cation Sen No. 07/627,539 filed Dec. 14, 1990, now 
U.S. Pat. No. 5,268,273, assigned to Phillips Petroleum 
Company, incorporated herein by reference. 

The first insertable DNA fragment may contain an 
operable regulatory region which may comprise the 
regulatory region utilized in the expression cassette. 
The use of the first insertable DNA fragment as the 
regulatory region for an expression cassette is a pre- 
ferred embodiment of this invention. FIG. 1 provides a 
diagram of a vector utilizing the first insertable DNA 
fragment as a regulatory region for a cassette. Option- 
ally, as shown in FIG. 1, an insertion site or sites and a 
3' termination sequence may be placed immediately 3' 
to the first insertable DNA fragment. This conforma- 
tion of the linear site-specific integrative vector has the 
additional advantage of providing a ready site for inser- 
tion of a structural gene without necessitating the sepa- 
rate addition of a compatible 3' termination sequence. 

If the first insertable DNA fragment does not contain 
a regulatory region, a suitable regulatory region will 
need to be inserted linked to the structural gene, in 
order to provide an operable expression cassette. Simi- 
larly, if no 3' termination sequence is provided at the 
insertion site to complete the expression cassette, a 3' 
termination sequence can be operably linked to the 3' 
end of the structural gene. 

It is also highly desirable to include at least one se- 
lectable marker gene in the DNA used to transform the 
host strain. This facilitates selection and isolation of 
those organisms which have incorporated the trans- 
forming DNA. The marker gene confers a phenotypic 
trait to the transformed organism which the host did not 
have, e.g. restoration of the ability to produce a specific 
amino acid where the untransformed host strain has a 
defect in the specific amino acid biosynthetic pathway, 
or provides resistance to antibiotics and the like. Exem- 
plary selectable marker genes may be selected from the 
group consisting of the HIS4 gene (disclosed in U.S. 
Pat, No. 4,885,242) and the ARG4 gene (disclosed in 
U.S. Pat. No. 4,818,700 incorporated herein by refer- 
ence) from Pichia pastoris and Saccharomyces cerevisiae^ 
the invertase gene (SUC2) (disclosed in U.S. Pat. No. 
4,857,467 incorporated herein by reference) from Sacc- 
haromyces cerevisiae, or the G4J8^/kanamycin resis- 
tance gene from the E coli transposablc elements Tn601 
or Tn903. 

Those skilled in the art recognize that additional 
DNA sequences can also be incorporated into the vec- 
tors employed in the practice of the present invention, 
such as, for example, bacterial plasmid DNA, bacterio- 
phage DNA, and the like. Such sequences enable the 
amplification and maintenance of these vectors in bacte- 
rial hosts. 

The insertion of the HSA structural gene into suiuble 
vectors may be accomplished by any suitable technique 



ments are deoxyribonucleotide sequences selected from 60 which cleaves the chosen vector at an appropriate site 
the group consisting of the Pichia pastoris alcohol oxi- or sites and results in at least one operable expression 
dase (AOXl) gene, dihydroxyacetone synthase (DASl) cassette containing the HSA structural gene being prcs- 
gcne, p40 gene, glyceraldehydc-3-phosphate dehydro- ent in the vector. Ligation of the HSA structural gene 
gcnasc (GAP) gene, acid phosphatase (PHOl) gene and may be accomplished by any appropriate ligation tech- 
HIS4 gene. The AOXl gene, DASl gene, p40 gene and 65 nique such as utilizing T4 DNA ligase. 
HIS4 genes are disclosed in U.S. Pat. Nos. 4.855.231 The initial selection, propagation, and optional ampli- 
and 4,885.242 both incorporated herein by reference. fication of the ligation mixture of the HSA structural 
The designation DASl is equivalent to the DAS desig- gene and a vector is preferably performed by transform- 
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ing the mixture into a bacteria] host such as £. coli (a1- Bio/Technology 479 (1987). Isolates may be screened 
though the ligation mixtiire could be transformed di- by assaying for HSA production to identify those iso- 
rectly into a yeast host but, the transformation rate lates with the highest HSA production level, 
would be extremely low). Suitable transformation tech- The cultivation of transformed Pichia pastoris can be 
niques for £ coli are well known in the art. Addition- 5 conducted in an aqueous continuous or batch-fed man- 
ally, selection markers and bacterial origins of replica- ner. utilizing a variety of carbon-energy sources and/or 
tion necessary for the maintenance of a vector in a nutrient sources. For the practice of the present inven- 
bactenal host are also well known in the art. The isola- tion, batch-fed fermentation is preferred. Suitable car- 
uon and/or purification of the desired plasmid contain- bon-energy sources for growing Pichia pastoris include 
mg the HSA stnictural gene m an expression system 10 but are not limited to the carbon-energy source selected 
may. be accomplished by any suitable means for the ^^e group consisting of methanol, glycerol, sorbi- 
separation of plasmid DNA from the host DNA. Simi- ^ combinations of any two or 
larly the vectors formed by ligation may be tested p^.^^^^^ carixjn-energy sources for 

I ^''Tf i< g^o^i^g ^'^^'^ /^'^^^^^ carbon-energy sources se- 
Sri?n fnd? vT.^^^^^ ' ''^"k lected from the group consisting of methanol, glycerol, 

region and a 3 termination sequence. This may be ac- . i.- .i. r i ?! i^i * ■ J 

complished by a variety of techniques including but not and combmations thereof. A suitoble nutrient source or 
limited to endonuclease digestion, gel electrophoresis, ^^^''^ Pf'""^ \tB&\ ont 

or Southern hybridization mtrogen source, at least one phosphate source, at least 

Transformation of plasmids or linear vectors into 20 one source of minerals such as iron, copper, zinc, mag- 
yeast hosts may be accomplished by suitable transfer- cesium, manganese, calcium, and other trace elements, 
mation techniques including but not limited to those and vitamins (such as biotin, pantothenic acid, and thia- 
taught by Cregg and Barringer, U.S. Pat. No. 4,929,555; ™™ ^ required). 

Hinnen et al,, Proc, Natl Acad. Sci, 75, (1978) 1929; Ito Suiteble sources of at least one carbon-energy source 
et ah, y. Bacieriol. 153, (1983) 163; Cregg et al. Mol Cell 25 and nutrients can be obtained from a variety of sources 
Biol 5 (1985), pg. 3376; D. W. Stroraan et al, U.S. Pat. may consist of a single source. However, preferred 
No. 4,879,231, issued Nov. 7, 1989; or Sreekrishna et al., are at least one carbon-energy source and/or nutrient 
Gene, 59 (1987), pg. 115. Preferable for the practice of sources which have a defined character. One carbon- 
this invention is the transfonnation technique of Cregg energy source and/or nutrient composition which has 
et al. (1985). It is desirable for the practice of this inven- 30 proven effective is: 
tion to utilize an excess of linear vectors and select for TABLE II 

multiple insertions by Southern hybridization. 

The yeast host for transformation may be any suitable arbon-Energy Source and Nutriems 

methylotrophic yeast. Suitable methylotrophic yeasts Component per Liter of Water 

include but are not limited to yeast capable of growth 35 
on methanol selected from the group consisting of the 
genera Hansenula and Pichia. A list of specific species 
which are exemplary of this class of yeasts may be 
found in C. Anthony, The Biochemistry of Methylotrophs, 
269 (1982). Presently preferred are methylotrophic 40 
yeaste of the genus Pichia such as the auxotrophic Pichia 
pastoris GSl 15 (NRRL Y-15851); Pichia pastoris GS190 

(NRRL Y.18014) disclosed in U.S. Pat. No. 4,818,700; — — — 

amH DiVfct'y* m^iommV DDCI /xtddt V I OA1 T\ J* I J • 'Ycasi extract u Amberex tm 1003 which is avaiUble from ud • trtdenurk of 

and Pichia paStOnS PPFl (NRRL Y- 18017) disclosed m Unhrenil Foods Corporaiion. Milwaukee. Wiseoniin. 

U.S. Pat. No. 4,812,405. Auxotrophic Pichia pastoris 45 ^MineraU and uaec netak arc FCSO4.7H3O 6S.0 g/1. CUSO4.SH3O 6.0 b/1. 

strains are also advantageous to the practice of this 2nso4.7H2O20g/i.MnsO4 3.0g/iandH2SO4 5.0mi/i 
invention for their ease of selection. It is recognized that 

wild type Hchia pastoris strains (such as NRRL Y-1 1430 . T*"^ ^^^^ ^^^^^^ "^'^'"^ ^ P^«^"^ mvention 

and NRRL Y-1 1431) may be employed with equal sue- y«^^ extracts selected 

cess if a suitable transforming marker gene is selected, 50 &^^P consisting of Amberex TM 1003 and 

such as the use of SUC2 to transform Pichia pastoris to BactoTM Yeast Extract (Difco Laboratories Incorpo- 

a strain capable of growth on sucrose or an antibiotic rated). Alternatively, com steep liquor could be used to 

resistance marker is employed, such as G418. replace yeast extracts as a source of nitrogen. 

Transformed Pichia pastoris cells can be selected for Trace metals utilized in the present invention are 

by using appropriate techniques including but not lim- 55 those trace metals generally utDized in the yeast growth 

ited to culturing previously auxotrophic cells after provided in an amount sufficient to not limit the growth 

transfonnation in the absence of the biochemical prod- rate or HSfi. production of Pichia pastoris which include 

uct required (due to the celKs auxotrophy), selection for but are not limited to trace metals selected from the 

and detection of a new phenotype (**methanoI slow"), group consisting of cobalt, molybdenum, iron, copper, 

or culturing in the presence of an antibiotic which is 60 zinc, and manganese. 

toxic to the yeast in the absence of a resistance gene The fermentation temperature should generally range 

contained in the transformant. from about 20" C. to about 35* C. and preferably should 

Isolated transformed Pichia pastoris cells are cultured be about 30* C. 
by appropriate fermentation techniques such as shake The dissolved oxygen content in the fermentation 
flask fermentation, high density fermentation or the 65 vessel where the fermentation is conducted in a batch- 
technique disclosed by Cregg et al. in, High-Level Ex- fed manner may range from about 20 percent to about 
pression and Efficient Assembly of Hepatitis B Surface 80 percent of saturation and preferably will range from 
Antigen in the Methylotrophic Yeast, Pichia Pastoris 5 about 30 percent to about 60 percent of saturation. 



Carbon-energy Source 


50.0 


g/1 


(glycerol) 






H3PO4 (85%) 


21 


ml/l 


CaS04.2H20 


0.9 




K2SO4 


14.28 


g/1 


MgS04.7H20 


11.7 


g/I 


KOH 


3.9 


g/1 


Peptone 


10.0 


g/1 


'Yeast Extracts 


5.0 


g/1 


^Minerals and Trace Metals 


1.0 


ml/I 
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After the Pichia pastoris strains transformed with a 
vector containing the HSA structural gene have been 
cultivated to a high density, the transformed strains 
should then be induced to express HSA at a pH of from 
about 5.7 to about 6.0. For example, if this technique is 
employed with a strain transformed with a linear ex- 
pression cassette containing a methanol inducible regu- 
latory region, the culture would first be grown to the 
desired density on minimal salts, biotin and 5 percent 
glycerol by weight. The pH should be adjusted to 5.8 
(with ammonia) with a temperature of about 30* C. and 
a dissolved oxygen concentration of about 20 percent of 
saturation. After the glycerol is exhausted, the pro- 
moter would be induced by beginning a slow methanol 
feed. The fed should provide methanol to the culture at 15 
a rate at least sufficient to maintain the viability of the 
culture but the maximum methanol concentration in 
contact with the culture should be no more than about 
5,0 percent by weight. The HSA secretion can be moni- 
tored during the methanol feeding by sampling the 20 
HSA present in the cell free broth. Suitable test for 
quantifying the amount of HSA produced are known to 
those skilled in the art, such as running polyacrylamide 
gels. The methanol feed should be continued until the 
HSA concentration reaches an acceptable level. Gener- 25 
ally, the HSA production will peak after about 120 
hours on methanol feed. 

If the transformed Pichia pastoris cells are grown in 
shake tubes or shake flasks instead of pH controlled 
fcrmenter, additional steps should be taken to assure the 30 
maximum yields of secreted proteins, such as HSA. 
Specifically, it is recommended that the media used be 
modified from that used in fermenter to a complex 
media and the aeration be increased. The complex 
media utilized in the shake flasks and shake tubes should 35 
contain added amino acids. The amino acids may be in 
a defined media containing glutamic acid, methionine, 
lysine, leucine, isoluecine and other amino acids or 
through a complex media supplement, such as yeast 
extract or casamino acids. The relative concentrations 40 
of the added amino acids should generally range from 
about. 2.5 mg/liter to about 10 mg/liter with the pre- 
ferred range being from about 4 mg/liter to about 6 
mg/liter of glutamic acid, methionine, lysine, leucine 
and isoluecine and from about 0.5 mg/liter to about 3 45 
mg liters of the remaining amino acid (however, histi- 
dine may be omitted entirely from the added amino 
acids). If yeast extract is used in place of the added 
amino acids, it is preferred that the yeast extract be 
provided in a concentration of in the range of from 50 
about 1 g/liter to about 15 g/liter be utilized in the 
media and most preferably the yeast extract will be 
provided in a concentration of 10 g/liter. It has also 
been found desirable to . add peptone to the media to 
improve secretion in shake tubes and shake flasks. For 55 
optimum secretion that peptone be used with the yeast 
extract in a concentration of from in the range of from 
about 1 g/litcr to about 50 g/liter, and most preferably 
in a concentration of about 20 g/liter. As a guideline, it 
is generally recommended that the peptone ooncentra- 60 
tion be twice the yeast extract concentration. 

Aeration in shake flask and shake tube growth of 
transformed Pichia pastoris appears to be an important 
parameter in obtaining optimum secretion. To insure 
adequate aeration, it is recommended that shake tube or 65 
flask have a large aperture covered with an air permea- 
ble cap. Suitable air permeable caps can be made of a 
loose filter material, such as cheese cloth. One suitable 
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shake flask for this invention is the Tunair shake flask. 
Generally, low baffle shake flasks are also recom- 
mended to avoid excessive foaming. Shaker speed for 
aeration is recommended to be in the range of from 
5 about 250 rpms to about 300 rpms. 

After a suitable cell density is achieved in the shake 
flask or shake tube, the cells may be recovered then 
resuspended in a medium containing methanol in place 
of the carbon source used for growth to induce the 
10 secretion of protein. The flask or shake tubes may then 
be monitored on a regular basis to determine when the 
desired level of production has been achieved. 

The invention will now be described in greater detail 
in the following non-limiting examples. 

EXAMPLES 

General information pertinent to the Examples: 

Stains 

Pichia pastoris GS115 (his 4) NRRL Y-15851 
£. coli DG75' (hsdl, leu6, lacY, thr-1. supE44. to- 
nA21, lambda-). 

Buflers, Solutions and Media 

The buffers, solutions, and media employed in the 
following examples have the compositions given below: 



dH20 deionized H2O that has be«n treated with a 

nilii-Q (Miliipore) rcagcni water system. 

IM Tris buflcr 121.1 g Tris base in 800 mL of H2O; 

adjust pH to the desired value by adding 
concentrated (33%) aqueous HCl; allow 
solution to cool to room temperature before 
rinal pH adjustment, dilute to a final 
volume of I L. 

TE buffer 1 .0 mM EDTA 

in 0.01 M (pH 8.0) Tris bufTTer 

SED 1 M sorfoiiol 

25 mM EDTA 

50 mM DTT, added prior to use 
-adjust to pH 8 
SCE 9.1 g sorbitol 

1.47 g Sodium citrate 
0.168 g EDTA 

-pH to 5.8 with Ha in SO ml 

dH20 and autoclave 
CaS 1 M sorbitol 

10 mM CaClj 

-filter sterilize 
SOS: 1 M sorbitol 

0.331 YPD 

10 mM Caa2 
PEG 20% polyethylene g]ycol-33S0 

10 mM CaCl2 

I0mMTri$.Ha(pH7.4) 

—filter sterilize 
Solution A 0.2 M Tris HQ (pH 7.S) 

0.1 M MgCb 

0.5 M NaCI 

0.01 M dithioihreitol (DTT) 
Solution B 0.2 M Tris-HCi (pH 7.5) 

0.i M MgCl2 

0.1 M DTT 
Solution C (keep on 4 ^1 solution B 
ice) 4 ^1 10 mM dATP 

4 jil 10 mM dTTP 

4 ^il 10 mM dGTP 

4 ^] 10 mM dCTP 

4 |il 10 mM ATP 

5 fxl T4 Itgase (2 \}/^\) 
12 ^1 H2O 

Recipe for Solution C was modified from 
■ Zoller & Smith 
LB Broth, 1 liter 5.0 g yeast extract 
10.0 g tryptone 
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-continued 



5.0 g NaCI 
lOX Transfer BufTer 96.8 g Trizma Base 

9.74 g glycine 

water to 1 liter 
Ligation Buffer 50 mM Tris-HQ (pH 7.4) 

10 mM MgClj 

10 mM dithiothreitol 

1 mM ATP 

Phosphatase Buffer SO mM Tris-HQ (pH 9.0) 

I mM MgOz 

1 mM ZnCh 

1 mM spermidine 
Bsu36I buffer ICO mM NaCI 

10 mM Tris-HCI (pH 7.4) 

10 mM MgCli 

100 fig/ml BSA 
Csp45Xbufrer 60 mM NaCI 

10 mM Tris-HCI. pH 7.5 

7 mM Mga2 

100 fig/ml BSA 
REact 1 buffer SO mM Tris-HCl. pH 8.0 

10 mM MgCl2 

100 Mg/ml BSA 
REaci 2 buffer REaci 1 bulTcr + 50 mM NaCI 

REact 3 buffer REact 1 buffer + 100 mM NaCI 

HS buffer 50 mM Tris-HCl, pH 7.5 

10 mM Mga2 

100 mM NaC 

1 mM DTT 
100 ng/ml BSA 

lOX Basal Salts 42 mis Phosphoric Acid. 85% 
1.8 g Calcium Sulfate.2H20 
28.6 g Potassium Sulfate 
23.4 g Magnesium Sulfate.7H20 
6.5 g Potassium Hydroxide 
Pimj Trace Salts 6.0 g Cupric Sulfate.5H20 
Solution 0.08 g Sodium Iodide 

3.0 g Manganese Sulfate.H20 
0.2 g Sodium Molybdaie.H20 
0.02 g Boric Acid 
0.5 g Cobalt Chloride 
20.0 g Zinc Chloride 
65.0 g Ferrous Sulfate.H20 
0.20 g Biotin 
5.0 mis Sulfuric Acid 
10 g bacio yeast extract 
20 g peptone 
10 g dextrose 
water to 1 liter 

13.4 g yeast nitrogen base with ammonium 
sulfate, and without amino acids 
400 fig biotin 
10 ml glycerol 
water to 1 liter 

Same as MCY, except that 5 ml methanol 
is used tn the place of 10 ml glycerol. 
13.4 g yeast nitrogen base with ammonium 
sulfate and without amino acids 
400 fig biotin 
182 g sorbitol 
10 g glucose 

2 g Histidine assay mix (Gibco) 
50 mg glutamine 

SO mg methionine 
50 mg lysine 
50 mg leucine 
50 mg isoleucine 
10 g agarose 
water to 1 liter 

BMGR (Buffered 100 ml/liter Potassium phosphate buffer, 
minimal glycerol- (pH 6.0) 

enriched medium) 13.4 grams/liter Yeast nitrogen base with 
ammonium sulfate 
400 fig/liter biotin 
10 ml/liter glycerol 
Amino acids 

gluumic acid, methionine, lysine, leucine 
and isoleucine: each ai 5 mg/liier; 
all the other amino acids except 
histidine at 1 mg/liter 
Nucleotides 

adenine sulfate, guanine hydrochloride, 



YPD (yeast extract 
peptone dextrose 
medium) 

MGY (minimal 
glycerol medium) 



MM (minimal 
methanol medium) 
SDR (supplemented 
dextrose 
regeneration 
medium): 
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15 BMGY (Buffered 
minimal glycerol- 
complex medium) 



20 



25 



BMMR (Buffered 
minimal methanol* 
enriched medium) 
BMMY (Buffered 
minimal methanol- 
c»mp)ex medium) 



uracfl. and xanthine, each at 40 fig/liter 
Vitamins 

thiamine hydrochloride, riboflavin, and 
calcium pantothenate, each at 2 f&g/liier; 
pyridoxide hydrochloride and nicotinic acid, 
each at 4 |jig/liter; 

pyriddxamine hydrochloride and pyridoxal 
hydrochloride, each at 1 ftg/liter; 
para-amino benzoic acid at 0.3 |ig/liter; 
folic acid at 0.03 >ig/Iiter 
Trace mraerak 

magnesium sulfate at 800 /igniter; 
ferrous sulfate at 40 ftg/liier, 
manganese sulfate al 80 ^g/ltter; 
sodium chloride at 40 fig/liter 
100 ml/liter potassium phosphate bufler, 
(pH 6.0) 

13.4 grams/liter yeast nitrogen base with 

ammonium sulfate and without amino acids 

biotin at 400 fig/liter 

glycerol at 10 ml/liter 

yeast extract at 10 g/liier 

peptone at 20 g/liter 

Same as BMGR, with the exception that 

5 ml methanol/] iter is added in the 

place of glycerol 

Same as BMGY, with the exception that 
5 ml methanol/titer is added in the place of 
glycerol 



Techniques 

Suitable techniques for recombinant DNA lab work 
may be found in many different references including but 
not limited to: Methods in Enzymologyy (Orlando, Fla.: 
Academic Press, Inc.), particularly Volume 152, pub- 
lished as, Guide to Molecular Cloning Techniques, by 
35 Berger and Kimmel (Orlando, Fla.: Academic Press, 
Inc., 1987) and Molecular Cloning/ A Laboratory Man- 
ual, by Sambrook et al., 2d ed. (Cold Spring Harbor 
Laboratory Press. 1989) and which are all hereby incor- 
porated by reference. 

« EXAMPLE I 

Construction of S'-exact HSA expression vector 
pHSA313 

The pHSA313 vector was constructed to provide a 

45 vector with an exact linkage between the 3' end of the 
native AOXl 5' regulatory region (promoter) and the 
start codon of the HSA structural gene. 
A. Creation of pHSA113ACla 
About 2(X) ng of pHSAlU, disclosed in European 

50 Patent Application 0 344 459 which is herein incorpo- 
rated by reference, (see FIG. 7) was digested at 37* C 
for 1 hour with 1 unit of Clal in 20 y.\ of REact 1 buiTer. 
The digestion mixture was brought to 100 /xl with water 
and extracted once with an equal volume of phenol:- 

55 chloroform:isoamyl alcohol (25:24:1 V/V), followed by 
extracting the aqueous layer with an equal volume of 
chloroformrisoamyl alcohol (24:1). The DNA in the 
aqueous phase was precipitated by adjusting the NaCI 
concentration to 0.2M and adding 3 volumes of cold 

60 ethanol. The mixture was allowed to stand on ice (4' C.) 
for 10 minutes and the DNA precipitate was collected 
by centrifugation for 30 minutes at 10,000 xg in a mi- 
crofuge at 4' C. The DNA pellet was washed 2 times 
with 70% aqueous cold ethanol. The washed pellet was 

65 vacuum dried and dissolved in 10 water to which 2 
/il of lOx ligation buffer, 2 p.1 of 1 mg/ml BSA, 6 ^1 of 
water and 1 unit T4 DNA ligase were added. The mix- 
ture was incubated overnight at 4* C. and a 10 ^1 aliquot 
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was used to transform R coli DG75' (Maniatis, et al.) to 
obtain pHSAl 13ACIa, which represents the deletion of 
HIS4 and 3'AOXI, along with small stretches of 
pBR322 sequences used to link these sequences. The 
deletion of the HIS4. 3' AOXl and pBR322 sequences 5 
removes one of two Csp451 sites present in the 
pHSAII3 vector. The remaining Csp45I site is in the 
AOXl 5' regulatory region (promoter). 

B. Creation of pXHSAllBACla 

Digest 5 ^g of pHSAllBACla for 1 hour at 37* C W 
with 10 units of BstEII in 100 ^] of REact 2 buffer. The 
digestion mixture was extracted with phenol and pre- 
cipitated as deuiled in step A. The DNA precipiate was 
dissolved in 100 /xl of Csp45I buffer and digested at 37' 
C for 2 hours in the presence of 10 units of Csp45I. The 
digested DNA was then phenol extracted and precipi- 
toted as described in step A. The DNA precipitate was 
dissolved in 20 ftl of water and 10 ^1 aliquots were 
loaded on 2 neighboring wells of a 0.9% agarose gel. 
Following electrophoresis, the gel portion correspond- 
ing to one of the lanes was stained and this was used to 
locate the position of the Csp45I-BstEII fragment of 
pHSA113ACla in the unstained lane. The gel portion 
containing the larger Csp45I-BstEII fragment was ex- 
cised out and the DNA in the gel was electrocluted into 
500 ;il of 5 mM EDTA, pH 8.0. The DNA solution was 
phenol extracted as detailed in step A and the DNA 
precipitate was dissolved in 100 \i\ water. The larger 
Csp45I-B5tEIl fragment was then ligated with the 
Bst£II-Csp4S] oligonucleotide linker described below. 
An aliquot (10 ^1) was ligated overnight at 4' C. with 20 
ng of annealed linker oligonucleotides 5'-CGAAACG 
ATG AAG TGG (SEQ ID NO:4) and S'.GTTACC- 
CACTTCATCGTTT (SEQ ID NO:5) in 20 \i\ ligase 35 
buffer containing 100 ^g/ml BSA and 1 unit of T4DNA 
ligase. The hgation mixture was used to transform £ 
coU DG75' to obtain pXHSAlUACla. The 
pXHSA113ACla vector by virtue of the linker de- 
scribed above has an exact linkage between the 3' end of ^ 
the native AOXl 5' regulatory region (promoter) and 
the HSA ATG start codon with no extraneous DNA 
sequences. 

C. Creation of pHSA313 

1 Mg of pXHSAlUACla was digested for 4 hours at 45 
37" G. with Cial in 100 ^1 of REact 1 buffer. Following 
digestion the reaction mixture was adjusted to alkaline 
phosphatase buffer conditions and treated with 10 units 
of calf intestinal alkaline phosphatase in a 200 }t\ reac- 
tion volume for 30 minutes at 37* C. Phosphatase treat- 50 
mcnt was terminated by phenol extraction and the 
DNA was precipitated and dissolved in water at a con- 
centration of approximately 10 ng/p.] as described in 
step A and stored at —20* C. 

1 ^g of pA0807N (FIG. 8, construction of which is 55 
described in European Patent Application 0 344 459) 
was digested for 4 hours at 37* C. with PstI in 100 ^1 of 
REact 2 buffer. The digested DNA adjusted to alkaline 
phosphatase buffer conditions and treated with 10 units 
of calf intestinal alkaline phosphatase in a 200 ^1 reac- 60 
tion volume for 15 minutes at 55* C. At the end of the 
15 minutes another 10 units of phosphatase was added 
and incubated for 15 minutes. Phosphatase treatment 
was terminated by phenol extraction and the DNA was 
precipitated as described in step A. DNA was digested 65 
for 4 hours at 37' C. with 5 units of Clal in 100 }i\ buffer 
containing 100 /ig/ml BSA, followed by phenol extrac- 
tion and precipiution of DNA as outlined in step A. 



The DNA precipitate was dissolved in water at a con- 
centration of approximately 20 ng//il. 

Approximately 100 ng (10 ^I) of Clal cleaved-phos- 
phatased pXHSA113ACla was mixed with approxi- 
mately 80 ng of PstI digested-phosphatased and Clal- 
cleaved pA0807N (4 fil), 4 fxl of 5x ligase buffer, 2 p\ 
of 1 mg/ml BSA and ligated overnight at 4* C. using 1 
unit of T4DNA ligase. The ligation mixture was used to 
transform £ coli DG7S' to obtain pHSA313. The 
pHSA313 plasmid from this ligation contains the com- 
plete pXHSA113ACla sequence linked to the HIS4 
gene and the AOXl 3' second inseruble sequence de- 
rived from A0807N. The relative orientation of the 
components of the pHSA3 13 plasmid is the same as that 
shown in FIG. 7 for plasmid pHSAl 13. 

EXAMPLE II 

Construction of Expression Vector pPGPl 

The expression vector pPGl was constructed in the 
following manner. pXHSA113ACla (see Example I) 
was digested with Bsu36I and PvuII (partial) and the 
vector backbone was isolated. An HSA structural gene 
on a PvuII-Bsu36I fragment analogous to the structural 
gene contained in pHSA113 (disclosed in European 
Patent Application 0 344 459) was ligated to this vector 
backbone to obtain pPGPlACla. About 100 ng of 
pPGPl ACla was digested with Clal at 37* C. for 1 hour. 
The DNA was recovered as in Example I. About 100 
ng of pA0807N (shown herein in FIG. 8 and disclosed 
in European Patent Application 0 344 459) was digested 
with PstI, alkaline phosphatase treated and then di- 
gested with Clal as detailed in Example I C. This frag- 
ment was then ligated to Clal cleaned, alkaline phos- 
phatase treated pPGPlACia to obtain pPGPI. (GS115 
pPGP 1-9-6 is a clone which was obtained by transfor- 
mation oT Pichia pastoris GS115 with pPGPl and this 
clone was used in fermentation). 

EXAMPLE III 

Construction of 5' and 3' exact HSA expression plasmid 
pHSA413 

The pHSA4]3 vector was constructed to provide a 
vector with an exact linkage between the 3' end of the 
AOXl 5' regulatory region and the start codon fo the 
HSA structural gene as well as an exact linkage be- 
tween the 5' end of the AOXl 3' termination sequence 
and the 3' end of the HSA structural gene. 

A. Creation of pXXHSA113ACla 

1 ftg of pXHSA113ACla was digested for 4 hours at 
37* C. with 10 units of EcoRI in 100 ^1 REact 3 buffer. 
The digestion mixture was phenol extracted and DNA 
precipitated as detailed in Example VI. DNA precipi- 
tate was dissolved in 20 ^1 water and digested for 1 
hours at 37* C. with 20 units of Bsu36I in 100 ^1 of 
Bsu36I buffer. The digestion mixture was phenol ex- 
tracted, DNA precipitated and dissolved in 100 ^1 of 
water as detailed in Example VI. Approximately 100 ng 
of EcoRI and Bsu36I-cleaved DNA was mixed with 10 
ng of annealed oligonucleotides 5'-TTAGGCT- 
TATAAG (SEQ ID NO:6) and 5'-AATTCT- 
TATAAGCC (SEQ ID NO:7) and ligated overnight at 
4* C in 20 ^1 of T4 DNA ligase bufTer containing 100 
fig/ml BSA and 10 units of T4DNA ligase. The ligation 
mixture was used to transform JE coli to obtain 
pXXHSA113ACla. In this plasmid the sequence be- 
tween Bsu36I and EcoRI (SEQ ID NO:8) present in 
pxHSA113ACla shown below 
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Bsu3 6l 

5rCTTAGGgTTATAACATCTCTACATTTAAAAGCATCTCAGCCTACCATG 

AGAATAAGAGAAAGAAAATGAAGATCA 

AAAGCTTATTCATCTGTGTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCT 

GTCTAAAAAACATAAATTTCTTTAATC 

ATTTTGCCTCTTTTTCTCTGTGCTTCAATTAATAAAAAATGOAAAGAATCT 

AAAAAAAAAAAAAAAAAAA GGAATTC 

EcoRI 

is replaced by yCC TTA GGC T TA TAA GAATTC { SEP ID NO: 9) 
Bsu36 1 ££&£^I 



B. Creation of pHSA4I3 

1 fig of pXXHSAl 13ACla was digested for 4 hours at 
37' C. with Clal in 100 fil of REact 1 buffer. Following 
digestion the reaction mixture was adjusted to alkaline 
phosphatase buffer conditions and treated with 10 units 
of calf intestinal alkaline phosphatase in 200 fil reaction 
volume for 30 minutes at 37' C. Phosphatase treatment jc 
was terminated by phenol extraction and the DNA was 
precipitated and dissolved in water at a concentration of 
approximately 10 ng/^l as described in step A and 
stored at -20' C. 

Approximately 100 ng (10 ftl) of Clal cleaved-phos- 3Q 
phatased pXXHSAHBACla was mixed with approxi- 
mately 80 ng (4 111) of PstI digested phosphatased and 
Clal-cleaved pA0807N (see paragraph 2 in step 3 of 
Example VI), 4 ftl of Sxligase buffer, 2 /xl of 1 mg/ml 
BSA and ligated overnight at 4" C. using 1 unit of T4 35 
DNA ligase. The ligation mixture was used to trans- 
form E coli DG75' to obtain pHSA411 The pHSA413 
plasmid from this ligation contains the complete 
pXHSAl 13ACla sequence linked to the HIS4 gene and 
the AOX 1 3' second insertable sequence derived from ^ 
A0807N. The relative orientation of the components of 
the pHSA413 plasmid is the same as that shown in FIG. 
7 for plasmid pHSA113. 



EXAMPLE IV 

Transformation of Pichia pastoris with pHSA313, 
PHSA413, and pPGPl 



45 



A. Vector preparation 

About 10 fig each of pHSA313. pHSA413, pPGPl. 
and pA0807N (negative control) were digested for 12 50 
hours at 37* C. in 200 fil of HS buffer with 50 units of 
Notl. The digested DNA samples were phenol ex- 
tracted, precipitated as described in Example VI, dis- 
solved in 20 fil of CaS, and were then used for transfer- 
mation of Pichia pastoris GS115. About 10 ftg each of 55 
pHSA313, pHSA413, and pA0807N were also digested 
with 20 units of SstI for 12 hours at 37* C. in 200 /il of 
REact 2 buffer containing 100 |ig/ml of BSA. The 
digested DNA samples were extracted with phenol, 
precipitated as described in Example VI and dissolved 60 
in 20 |i] of CaS. 

B. Cell Growth 

Pichia pastoris GS115 (NRRL Y-15851) was inocu- 
lated into about 10 ml of YPD medium and shake cul- 
tured at 30' C. for 12-20 hours. 100 ml of YPD medium 65 
was inoculated with a seed culture to give an ODeooof 
about 0.001. The medium was cultured in a shake flask 
at 30' C. for about 12-20 hours. The culture was har- 



vested when the ODeoo was about 0.2-0.3 by centrifuga- 
tion at 1555 g for 5 minutes using a Sorvall RB5C. 

C. Preparation of Spheroplasts 

The cells were washed in 10 ml of sterile water, and 
then centrifuged at 1500 g for 5 minutes. (Centrifuga- 
tion is performed after each cell wash at 1500 g for 5 
minutes using a Sorvall RT6000B unless otherwise indi- 
cated.) The cells were washed once in 10 ml of freshly 
prepared SED, once in 10 ml of sterile IM sorbitol, and 
finally resuspended in 10 ml of SCE buffer. 7.5 fil of 3 
mg/ml Zymolyase (100,000 units/g, obtained from 
Miles Laboratories) was added to the cell suspension. 
The cells were incubated at 30" C. for about 10 minutes. 
(A reduction of 60% in OD600 in 5% SDS can be uti- 
lized as a correct time marker.) The spheroplasts were 
washed in 10 ml of sterile IM sorbitol by centrifugation 
at 700 g for S-10 minutes. 10 ml of sterile CaS was used 
as a Hnal cell wash, and the cells were centrifuged again 
at 700 g for S-10 minutes and then resuspended in 0.6 ml 
of CaS. 

D. Transformation 

Pichia pastoris GSl IS cells were transformed with 10 
/ig of linearized DNA (see step A) using the spheroplast 
transformation technique of Sreekrishna et al. Gene 59, 
1 15-125 (1987). DNA samples were added (up to 20 }l\ 
volume) to 12x75 mm sterile polypropylene tubes. 
(DNA should be in a suitable buffer such as TE buffer 
or CaS.) 100 fi] of spheroplasts were added to each 
DNA sample and incubated at room temperature for 
about 20 minutes. 1 ml of PEG solution was added to 
each sample and incubated at room temperature for 
about 15 minutes and centrifuged at 700 g for 5-10 
minutes. SOS (150 was added to the pellet and incu- 
bated for 30 minutes at room temperature. Finally 850 
fil of IM sorbitol was added. 

E. Regeneration of Spheroplasts 

A bottom agarose layer of 20 ml of regeneration agar 
SDR was poured per plate at least 30 minutes before 
transformation samples were ready. In addition, 8 ml 
aliquots of regeneration agar were distributed to IS ml 
conical bottom Coming tubes in a 45* C. water bath 
during the period that transformation samples were in 
SOS. Aliquots of 50 or 250 ^1 of the transformed sample 
was added to the 8 ml aliquots of molten regeneration 
agar held at 45" C. and poured onto plates containing 
the solid 20 ml bottom agar layer. The plates were 
incubated at 30* C. for 3-5 days. 

F. Selection of Transformants 

Transformants were selected for by culturing on 
SDR, a media lacking histidine. The colonies which 
grew in the absence of histidine were also screened for 
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"methanol-slow" phcnotype, indicating displacement of 
the AOXl structural gene by the NotI DN A fragment) 
in the case of transformants obtained using NotI linear- 
ized vectors. Several transformed GSl 15 cells showing 
•*meihano]-norma]" (those obtained with SstI linearized 
DNA) and mcthanol-slow were then cultured and as- 
sayed for the production of HSA. 
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EXAMPLE V 

Methanol Induced Secretion of HSA in Pichia postoris 
Integrative Transformants 

Pichia postoris GS 11 5 strains transformed with 
pHSA313, PHSA413, and pPGPl were analysed for 
HSA secretion in shake tube cultures. Both methanol- 
slow and methanol-normal strains were used. In each 
case 36 independent clones were studied. Transfor- 
mants obtained with pA0807N served as negative con- 
trols. A protocol was developed to ensure efficient 
secretion and stable accumulation of HSA in the culture 
medium. 

Ceils were grown to saturation in 10 ml BMGR or 
BMGY, and were placed in 50 ml tubes (2-3 days). The 
cells would be in the range of 10-20 A600 units. The 
cells were harvested, the supernatant liquid was dis 
carded, and then the pellet was resuspended in 2 ml of 
BMMR or BMMY. The tube was covered with a sterile 
gauze (cheese cloth) instead of a cap. The tube(s) were 
then returned to a 30* C, shaker. At the end of 2-3 days, 
the cells were pelleted, and the supernatant assayed for ,q 
product. The pellets could be resuspended with fresh 
medium and returned to the shaker for renewed secre- 
tion. With Pichia-HSA strains, 10 ^1 of media superna- 
tant was sufficient for analysis by SDS-PAGE followed 
by Coomassie staining. Under these conditions a single „ 
band of 67 kD corresponding to HSA was observed. 
There was no significant difference between the expres- 
sion levels of GS115/pHSA313 vs GS115/pHSA413 
transformants, suggesting that deleting the 3' untran- 
slated sequences from the HSA gene present in 
pHSA313 did not significantly affect expression levels. 
No significant difference in the HSA expression level 
was observed between methanol-slow vs methanol-nor- 
mal transformants, suggesting that disruption of AOXl 
was not essential for efficient HSA expression. As ex- 
pected, HSA was absent in both the culture medium and 
the cell extract of GS115/pAO807N transformants 
(negative control). Clonal variants were selected which 
demonstrated increased levels of HSA secretion. 

EXAMPLE VI 

Batch-Fed Fermentation of Mut Pichia postoris for 
Production of HSA 

Pichia postoris GSlI5:pHSA 413-6 and pPGPl-9-6 w-«.w « 
were inoculated into two 20 liter Biolafitte fermenters 55 postoris. 
with an 8.5 1 working volume. The inoculum was pre- 
pared in the following manner: a cuhure was grown on 
a YM plate and then transferred to 100 ml YM broth in 
a shake flask and grown for about 24 hours. 50 mis of 
this culture was transferred to 1 liter of YM broth in a 60 
shake flask and also grown for about 24 hours. I liter of 
this was then transferred to 8.5 liters of fermenter me- 
dium in the Biolafitte fermenter. Fermentor medium 
consisted of Minimal salts-}-biotin + 5 percent glycerol. 
Batch growth conditions included the following: 65 
pH=5.8 (controlled with NH3), temperature =30* C, 
and percent dissolved oxygen greater than 20 percent 
air saturation. 



Glycerol exhaustion was complete after about 24 
hours, at which time a slow methanol feed was begun at 
a rate of 10-15 ml/hr. The methanol concentration was 
inonitored in the fermenter and the feed rate was ad- 
justed to maintain a concentration of 0.5-0.9 percent of 
methanol in the broth. 

Secreted HSA in the media was measured quantita- 
tively by densitometry of Coomassie blue stained poly- 
acrylamide gels containing SDS (SDS-PAGE). Areas 
were referenced to a series of known weights of authen- 
tic HSA run on the same SDS-PAGE gels. The data 
from these gels is included in Tables I and II. 

The following Table illustrates the effect of changes 
in pH on the amount of HSA produced: 

TABLE III 



Production of HSA by B»tch»Fed Fermenution 



Run 


Strain 


pH 


HSAg/1 


1 


CS115:pPGPU9-6 


3.09-5.32 


0.71 


2 


GS!15:pPGPl-9-6 


5^2 


0.81 


3 


GSn5:pPGP1.9.6 


5.91 


US 


4 


GSn5:pPGPJ-9-6 


5-78 


1.59 


5 


GSn5:pPGPl-9-6 


5.78 


1.98 


6 


GSI15:pPGP1.9-6 


5.79 


1.32 



The following Table illustrates the level of HSA 
production which can be achieved at higher pH levels: 



TABLE IV 



Production of HSA by Batch-Fed Fenneniation 

Dry 









Hours 


Cell 


HSA 


Run 


Strain 


pH 


MeOH 


Wi. 


Broth g/1 


1 


GSll5:pHSA 413-6 


5.79 


101 


ND 


2.13 


2 


GSnS:pHSA 413-6 


5.85 


237 


101 


3.39 


3 


GSllSrpHSA 413-6 


5.85 


265 


98 


2.70 


4 


GSl IS:pHSA 413-6 


5.97 


258 


117 


2.90 


ND- 


Not Determined 
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40 EXAMPLE VII 

Protocol for Shake Tube and Shake Flask Secretion of 
Proteins from P. pastoris 

For efficient secretion and stable accumulation of 
HSA in shake tubes and shake flasks it is necessary to 
use a pH of 5.7-6.4 instead of 5.0 or 5.2 for the fer- 
menter media, to add small amounts yeast extract 
(0.5-0.1%) and peptone (0.1-0.2%) to the fermenter 
medium and to start inducing expression at a low cell 
50 density .(20-25 gram dry cell weight/liter). Using these 
techniques, we have developed a protocol that permits 
efficient secretion of HSA from cells grown in shake 
tubes and flasks. We believe that this protocol is appli- 
cable in general to secretion of proteins from Pichia 



Shake Tube 

Grow cells to saturation in 10 ml BMGR or BMGY 
placed in 50 ml tube (2-3 days). The A60oof cells will be 
in the range of 10-20. Harvest cells, discard the super- 
natant liquid and resuspcnd the pcUet with 2 ml of 
BMMR or BMMY. Cover the tube with a sterile gauze 
or cheese cloth instead of the cap. Return the tube(s) to 
the shaker and maintain the shaker at about 30' C. At 
the end of 2-3 days, pellet cells, and analyze supernatant 
for product. The pellet can be resuspended with fresh 
media and returned to shaker for renewed secretion. 
With Pichia-HSA strains, 10 ul of media supematont is 
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sufficient for analysis by SDS-PAGE followed by Coo- menter flask (TunairTM shake-flask fermentation sys- 

massie staining. Under these conditions, a single band tem, Research Products International Corporation) or a 

corresponding to HSA size (67 kD) is observed. baffled flask covered with cheese cloth. Return to the 

shaker at 30* C. and induce for 2-4 days. At the end of 

Shake Flask 5 2-4 days the cells are pelleted and the supernatant is 

Grow cells as described above in 1 liter of medium analyzed for product. Shake tubes secretion can be 

(BMGY or BMGR) in a 2 liters flask. Harvest cells and re-initiated by resuspending the pelleted cells in fresh 

suspend with 50-75 ml of BMMR or EMMY in a fer- media. 

SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 9 

( 2 ) INFORMATION FOR SEQ ID NO:l: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 940 bp 
( B ) TYPE: oudeic tcid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linar 

( i i ) MOLECULE TYPE: Genomic ONA 

( i X ) SEQUENCE DESCRIPTION: SEQ ID NO:]: 

AGATCTAACA TCCAAAGACC AAAGGTTGAA TGAAACCTTT TTGCCATCCG ACATCCACAG 60 

GTCCATTCTC ACACATAAOT GCCAAACGCA ACAGOACGGG ATACACTAGC AGCAOACCGT 120 

TGCAAACGCA GGACCTCCAC TCCTCTTCTC CTCAACACCC ACTTTTGCCA TCGAAAAACC 180 

AGCCCAGTTA TTGGGCTTOA TTGGAGCTCG CTCATTCCAA TTCCTTCTAT TAGGCTACTA 2 40 

ACACCATGAC TTTATTAGCC TGTCTATCCT GGCCCCCCTO GCGAGCTTCA TGTTTGTTTA 3 00 

TTTCCGAATG CAACAAGCTC CGCATTACAC CCGAACATCA CTCCAGATGA GGGCTTTCTC 3 60 

AGTGTGOOGT CAAATAGTTT CATGTTCCCC AAATCGCCCA AAACTGACAG TTTAAACGCT 420 

GTCTTCGAAC CTAATATGAC AAAAGCGTGA TCTCATCCAA GATGAACTAA OTTTGGTTCG 4 80 

TTGAAATGCT AACGGCCAGT TGGTCAAAAA GAAACTTCCA AAAGTCGGCA TACCGTTTGT 5 40 

CTTGTTTGGT ATTGATTGAC GAATGCTCAA AAATAATCTC ATTAATGCTT AGCGCAGTCT 600 

CTCTATCGCT TCTOAACCCC GGTGCACCTG TGCCGAAACG CAAATGGGGA AACACCCGCT 6 60 

TTTTGGATGA TTATOCATTG TCTCCACATT GTATGCTTCC AAGATTCTGO TOOGAATACT 170 

GCTGATAGCC TAACOTTCAT GATCAAAATT TAACTGTTCT AACCCCTACT TGACAGCAAT 7 80 

ATATAAACAG AAGGAACCTG CCCTGTCTTA AACCTTTTTT TTTATCATCA TTATTAGCTT 8 40 

ACTTTCATAA TTGCGACTGO TTCCAATTGA CAAGCTTTTO ATTTTAACOA CTTTTAACGA 9 00 

CAACTTGAGA AGATCAAAAA ACAACTAATT ATTCGAAACG 9 40 

( 2 ) INFORMATION FOR SEQ ID N0:2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 600 bp 
( B ) TYPE: nucleic uid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECUL£ TYPE: Genomic DNA 

( i X ) SEQUENCE DESCRIPTION: SEQ ID NO^: 



AAAGTAAACC 


CCATTCAATG 


TTCCGAGATT 


TAGTATACTT 


GCCCCTATAA 


GAAACGAAGO 


6 0 


ATTTCAGCTT 


CCTTACCCCA 


TGAACAGAAA 


TCTTCCATTT 


ACCCCCCACT 


GGAGAGATCC 


1 2 0 


GCCCAAACGA 


ACAGATAATA 


GAAAAAAGAA 


ATTCGGACAA 


ATACAACACT 


TTCTCAGCCA 


1 8 0 


ATTAAAOTCA 


TTCCATGCAC 


TCCCTTTAGC 


TGCCGTTCCA 


TCCCTTTCTT 


GAGCAACACC 


2 40 
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atcgttagcc agtacgaaag aggaaactta 

ATGAGTTTAG CCTAGATATC CTTAGTGAAG 

ATAGATGGGC AGCTTTGTTA TCATGAAGAC 

AATTATATAA AACACAACAT GTCCCCACTT 

GAGTGACCGT TGTGTTTAAT ATAACAAGTT 

ACAAATTATA ACCCCTCTAA ACACTAAAGT 



ACCCATACCT TOGAGAAATC TAAGGCGCGA 300 

GGTGTTCCGA TACCTTCTCC ACATTCAGTC 360 

ACGGAAACGG GCATTAACGG TTAACCGCCA 420 

TAAAOTTTTT CTTTCCTATT CTTCTATCCT 4gO 

CGTTTTAACT TAACACCAAA ACCACTTACA 540 

TCACTCTTAT CAAACTATCA AACATCAAAA 600 



( 2 ) INFORMATION FOR SEQ ID NOJ: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1830 bp 
( B ) TYPE: nucleic «cid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: Genomic DNA 

( i X ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

ATG AAG TOG GTA ACC TTT ATT TCC CTT CTT TTT CTC TTT AGC TCG 
Met Lys Trp V.I Thr Phe lie Ser Leu Leu Phe Leu PheSerSer 



7 0 



1 I 5 



1 3 0 



I 4 5 



- 3 5 



. 2 5 



OCT TAT TCC AGO GOT GTG TTT CGT CGA GAT OCA CAC AAG ACT GAG 

Ala Tyr Ser Arg Gly V.I Phe Arg Arg Asp Ala His LysSerGlu 

• 2 0 .15 .10 

OTT OCT CAT CGG TTT AAA GAT TTG GGA GAA GAA AAT TTC AAA GCC 

Val Ala His Arg Phe Lys Asp Leu Gly Giu 0!u Asn Phe Lys Ala 

• 5 I 5 

TTG GTG TTG ATT GCC TTT OCT CAG TAT CTT CAG CAG TGT CCA TTT 

Leu V.l Leu lie Ala Phe Ala Glo Tyr Leu Gin Gin CysProPhe 

10 ,5 20 

GAA GAT CAT GTA AAA TTA GTG AAT GAA GTA ACT GAA TTT GCA AAA 

GIu Asp His Vtl Lys Leu V.l Asn Glu Val Thr Glu PheAIaLvs 

25 30 35 

ACA TGT GTT GCT GAT GAG TCA GCT GAA AAT TGT GAC AAA TCA CTT 

Thr Cy$ Val Ala Asp Glu Ser Ala Glu Asn Cys Asp Lys Ser Lue 

♦0 43 50 

CAT ACC CTT TTT GGA GAC AAA TTA TGC ACA GTT GCA ACT CTT CGT 

Leu Phe Gly Aip Lys Leu Cys Thr Val Ala Thr Leu Arg 

60 6 5 

GAA ACC TAT GGT GAA ATG GCT GAC TGC TGT GCA AAA CAA GAA CCT 

Glu Thr Tyr Gly Glu Mei Ala Asp Cys Cys Ala Lys Gin Glu Pro 



8 0 



GAG AGA AAT GAA TGC TTC TTG CAA CAC AAA GAT GAC AAC CCA AAC 

Glu Arg Asn Glu Cys Phe Leu Gin His Lys Asp Asp Asn Pro Asn 

« 5 9 0 9 5 

CTC CCC CGA TTG GTG AGA CCA GAG GTT GAT GTG ATG TGC ACT CCT 

Leu Pro Arg Leu V.l Arg Pro Glu V.l Asp Val Mel Cys Thr Ala 

10 0 103 ] I 0 

TTT CAT GAC AAT OAA GAG ACA TTT TTG AAA AAA TAC TTA TAT GAA 

•Phe His Asp Asn Glu Glu Thr Phe Leu Lyi Lys Tyr Leu Tyr Glu 



1 2 3 



ATT GCC AGA AGA CAT CCT TAC TTT TAT GCC CCG GAA CTC CTT TTC 
^1* Arg His Pro Tyr Phe Tyr Ala Pro Gly Leu Leu Phe 



TTT GCT AAA AGG TAT AAA GCT OCT TTT ACA CAA TGT TGC CAA CCT 
Phe Al. Lys Arg Tyr Lys Ala Ala Phe Thr Glu Cys Cys Gin Ala 



I 5 S 



GCT GAT AAA CCT OCC TCC CTC TTG CCA AAG CTC GAT GAA CTT CGG 
All Asp Lys Ala Ala Cys Leu Leu Pro Lys Leu Asp Glu Leu Arg 



1 6 9 
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GAT GAA GGG AAC GTT TCC TCT GCC AAA CAG AGA CTC AAG TGT GCC 

Asp Olu Gly Lyt Val Ser Ser Ala Lys Olo Arg Leu LysCysAls 

1 7 S 18 0 18 3 

AGT CTC CAA AAA TTT GGA GAA AGA GCT TTC AAA GCA TGG GCA GTA 

Ser Leu Cln Lys Phe Gly Clu Arg Al» Pbe Lys Ala TrpAlaVal 

19 0 19 5 2 00. 

GCT CGC CTG AOC CAG AGA TTT CCC AAA GCT GAG TTT GCA GAA GTT 

Ala Arg Leu. Ser Gin Arg Phe Pro Lys Ala Glo Ptie AliGluVal 

2 0 5 2 10 2 15 

TCC AAG TTA GTG ACA GAT CTT ACC AAA GTC CAC ACG GAA TGC TGC 

Ser Lys Leu Val Tbr Asp Leu Thr Lys Val His Thr GluCysCys 

220 225 230 

CAT GGA GAT CTG CTT GAA TGT GCT GAT GAC AGG GCG GAC CTT GCC 

His Gly Asp Leu Leu Clu Cys Ala Asp Asp Arg Ala Asp Leu Ala 

235 240 245 

AAG TAT ATC TOT GAA AAT CAA GAT TCO ATC TCC AGT AAA CTG AAC 

Ly* Tyr lie Cys Glu Asn Gin Asp Ser lie Ser Ser Lys Leu Lys 

230 255 260 

GAA TGC TGT GAA AAA CCT CTG TTG GAA AAA TCC CAC TGC ATT GCC 

Glu Cys Cys Clu Lys Pro Leu Leu Clo Lys Ser His Cys lie Ala 

265 270 275 

GAA GTG GAA AAT GAT GAG ATG CCT GCT GAC TTG CCT TCA TTA GCT 

Glu Val Glu Asn Asp Glu Met Pro Ala Asp Leu Pro Ser Leu Ala 

280 285 290 

GCT GAT TTT GTT GAA AGT AAG GAT OTT TGC AAA AAC TAT GCT GAG 

Ala Asp Phe Val Glu Ser Lys Asp Val Cys Lys Asn Tyr Ala Glu 

2 9 5 3 00 3 0 5 

GCA AAG GAT GTC TTC TTG GCC ATG TTT TTG TAT GAA TAT GCA AGA 

Ala Lys Asp Val Pbe Leu Gly Mel Phe Leu Tyr Clo Tyr Ala Arg 

3 10 3 15 3 2 0 

AGG CAT CCT GAT TAC TCT GTC GTG CTG CTG CTG AGA CTT GCC AAG 

Afg His Pro Asp Tyr Ser Val Val Leo Leo Leu Arg Leu Ala Lys 

3 2 5 3 3 0 3 3 5 

ACA TAT GAA ACC ACT CTA GAG AAG TGC TGT GCC GCT GCA GAT CCT 

Thr Tyr Glu Thr Thr Leu Glu Lys Cys Cys Ala Ala Ala Asp Pro 

340 345 350 

CAT GAA TGC TAT GCC AAA GTG TTC GAT GAA TTT AAA CCT CTT GTG 

H*» C«» C>» Tyr Ala Lys Val Phe Asp Glu Pbe Lys Pro Leu Val 

3 5 5 3 6 0 3 6 5 

GAA GAG CCT CaC AAT TTA ATC AAA CAA AAT TGT GAG CTT TTT GAG 

Glo Glu Pro Gin Asn Leu lie Lys Gin Asn Cys Glu Leu Phe Glu 

370 375 380 

CAG CTT GGA GAG TAC AAA TTC CAG AAT GCG CTA TTA GTT CCT TaC 

Gin Leu Gly Glu Tyr Lyi Phe Gin Asn Ala Leu Leu Val Arg Tyr 

3»5 390 395 

ACC AAG AAA GTA CCC CAA GTG TCA ACT CCA ACT CTT GTA GAG GTC 

Thr Lys Lys Val Pro Gin Val Ser Tbr Pro Thr Leo Val Glu Val 

*00 405 410 

TCA AGA AAC CTA GGA AAA GTG GGC AGC AAA TGT TGT AAA CAT CCT 

Ser Arg Asn Leu Gly Lys Val Gly Ser Lys Cys Cys Lys His Pro 

420 423 

CAA GCA AAA ACA ATG CCC TOT GCA CAA OAC TAT CTA TCC GTG OTC 

Glu Ala Lys Arg Met Pro Cys Ala Clu Asp Tyr Leo Ser Val Val 

<30 435 440 

CTG AAC CAG TTA TGT GTG TTG CAT GAG AAA ACG CCA GTA AGT GAC 

Leu Asn Cln Leu Cys Val Leu His Gin Lys Tbr Pro Val Ser Asp 

**i 450 455 

AGA GTC ACC AAA TGC TGC ACA GAA TCC TTG GTG AAC AGG CGA CCA 

Arg Val Thr Lys Cys Cys Tbr Glu Ser Leu Val Asn Arg Arg Pro 

465 470 

TCC TTT TCA OCT CTC CAA CTC GAT CAA ACA TAC GTT CCC AAA OAC 

Cy» Phe Ser Ala Leu Clu Val Asp Glu Thr Tyr Val Pro Lys Glu 
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4S0 485 

TTT AAT OCT GAA ACA TTC ACC TTC CAT GCA GAT ATA TGC ACA CTT 

Phe Asn Ala Glu Thr Phc Thr Phe His Ala Asp Jie Cys Thr Leu 

499 SOO 

TCT GAG AAG GAG AGA CAA ATC AAG AAA CAA ACT GCA CTT CTT GAG 

St I Glu Ly» Glu Arg Gin lie Ly» Lys Gin Thr Ala LcuValGlu 

3 0 3 5 10 3 15 

CTT CTC AAA CAC AAG CCC AAG GCA ACA AAA GAG CAA CTG AAA CCT 

Leu Va 1 Lys His Lyi Pro Lys Ala Thr Lys Glu Gin Lea Lys Ala 

520 525 330 

GTT ATG GAT GAT TTC GCA GCT TTT GTA GAG AAG TGC TGC AAG OCT 

M«i Asp Asp Phe Ala Ala Phe VaJ Glu Lys Cy» Cys Lys Ala 

535 540 545 

GAC GAT AAG GAG ACC TGC TTT OCC GAG GAG GOT AAA AAA CTT GTT 

Asp Asp Lys Glu Thr Cys Phe Ala Glu GJu Gly Lys Lys Leu Val 

3 5 0 5 3 5 3 ^ Q 

GCT GCA AGT CAA GCT GCC TTA OGC TTA TAA 

Ala Ala Ser OIn Ala Ala Leu Gly Leu 

565 370 



( 2 ) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16bp 
( B ) TYPE: nucleic acid 
< C ) STRANDEDNESS: smgle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: Oligonucleotide 

( i X ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

CGAAACC ATG AAG TGG 1 6 

Mel Lys Trp 



( 2 > INFORMATION FOR SEQ ID NO;5: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: I9bp 

< B ) Tl'PE: nucleic acid 

( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: Oligonucleotide 

{ i X ) SEQUENCE DESCRIPTION: SEQ ID Na5: 

CTTACCCACT TCATCGTTT I 9 



( 2 ) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: Ubp 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: Oligonucleotide 

( i a } SEQUENCE DESCRIPTION: SEQ ID NO:6: 

TTAGGCTTAT AAG 1 3 



( 3 } INFORMATION FOR SEQ ID N0:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: ]4bp 
( B ) TYPE: nucleic acid 
< C ) STRANDEDNESS: single 
<D)T0POLOGY: linear 
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( i i ) MOLECULE "n'PE: Oligonucleotide 
< i » ) SEQUENCE DESCRIPTION: SEQ ID NO;7: 
AATTCTTATA AOCC I 4 



i 2 ) INFORMATION FOR SEQ ID NO:8: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 231bp 
< 6 ) TYPE: nucleic add 
( C ) STRANDEDNESS: stngle 
( D ) TOFOLOOY: linear 

( i i ) MOLECULE TYPE: Linker OUgonocleoiide 

( i 1 ) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

CCTTAGGCTT ATAACATCTC TACATTTAAA AGCATCTCAG CCTACCATGA OAATAAGAGA 

AACAAAATCA AGATCAAAAG CTTATTCATC TGTOTTTTCT TTTTCGTTGG TGTAAAOCCA 

ACACCCTGTC TAAAAAACAT AAATTTCTTT AATCATTTTG CCTCTTTTTC TCTOTGCTTC 

AATTAATAAA AAATGGAAAG AATCTAAAAA AAAAAAAAAA AAAAGGAATT C 



6 0 
1 2 0 

1 8 0 

2 3 1 



( 2 ) INFORMATION FOR SEQ ID NO:9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20bp 

< B ) TYPE: nucleic acid 

< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: Oligonucleotide 

( i X ) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

CCTTAGGCTT ATAAGAATTC 2 0 
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That which is claimed is: 

1. An improved process for the secretion of a HSA 
protein in transformed Pichia pastoris cells comprising: 

(a) cultivating in a fermentation broth said trans- 
^ formed Pichia pqstoris cells which express a HSA 

structural gene encoding a native HSA secretion 
signal sequence and a mature HSA protein, 
wherein the native HSA signal sequence is opera- 45 
bly linked to the sequence encoding the mature 
HSA protein, under conditions suitable for sustain- 
ing the viability of said transformed Pichia pastoris 
cells, under suitable conditions for the expression 
of said HSA protein by said Pichia pastoris cells, so 
and 

(b) maintaining the pH of said fermentation broth at a 
pH in the range of from about 5.7 to about 6.4 
contemporaneously with the expression of a HSA 

protein. 

2. The process of claim 1 wherein Pichia pastoris is 
transformed with a vector selected from the group 
consisting of a circular plasmid and a linear plasmid. 

3. The process of claim 2 wherein the vector is a 
Unear integrative site-specific vector. 

4. The process of claim 3 wherein said linear integra- 
tive site-specific vector contains the foUowing serial 
arrangement: 

(a) a first insertable DNA fragment, 

(b) at least one marker gene, and at least one expres- ^5 
sion cassette containing a HSA structural gene 
encoding a native HSA signal sequence and a ma- 
ture HSA protein, operably linked to a Pichia pasto- 
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ris AOXl 5' regulatory region and a 3' termination 

sequence, and 
(c) a second insertable DNA fragment; 

wherein the order of the marker gene and cassette 
of component (b) may be interchanged, and the 
first and second insertable DNA fragments em- 
ployed are homologous with separate portions of 
the Pichia pastoris genome wherein the insertable 
fragments are in the same relative orientation as 
exist in the Pichia pastoris genome. 

5. The process of claim 4 wherein the first insertable 
DNA fragment and the second insertable DNA frag- 
ment are obtained from the DNA seiquence of a gene 
from Pichia pastoris selected from the group consisting 
of the AOXl gene, the p40 gene, the DAS gene, the 
GAP gene, the PHOI gene and the HIS4 gene. 

6. The process of claim 4 wherein said marker gene is 
selected from the group consisting of HIS4 isolated 
from Pichia pastoris, ARG4 isolated from Pichia pastoris, 
SUC2 isolated from Saccharomyces cerevisiae, G41B^ 
gene of Tn903 and G418^ gene of Tn601. 

7. The process of claim 4 wherein said plasmid com- 
prises: 

(a) the AOXl 5' regulatory region isolated from 
Pichia pastoris operably linked to 

(b) a structural gene for HSA encoding a native signal 
sequence for HSA and a mature HSA protein, 
wherein the HSA signal sequence is operably 
linked to the sequence encoding the mature HSA 
protein operably linked to 



(c) the 3' termination sequence of AOXl isolated 
from Pichiapastom operabJy linked to 

(d) at least one marker gene, and 

(e) a second DNA fragment which is about a 0.19 
kilobase sequence of an autonomous replicating S 
DNA sequence. 

8. The process of claim 7 wherein said marker gene is . 
HIS4. 

9. The process of claim 1 wherein the transformed 
Pichia pastoris cells are grown in a batch- fed manner 10 
during the expression of HSA and the pH of the fermen- 
tation broth is maintained during expression of the het- 
erologous protein in the range of from about pH 5.7 to 
about pH 6.0. 

10. The process of claim 9 wherein the fermentation 15 
broth contains an effective amount of a suitable minimal 
salts mixture, growth factors and at least one suitable 
carbon source selected from the group consisting of 
methanol, glycerol, sorbitol, glucose, fructose and com- 
binations of two or more thereof to mainuin the viabil- 20 
ity of said transformed Pichia pastoris cells. 

11. The process of claim 10 wherein after the fermen- 
tation broth*s carbon source is consumed, the trans- 
formed Pichia pastoris cells are conucted with methanol 
wherein the methanol is provided at a rate sufiicient to 25 
maintain the viability of the Pichia pastoris cells in 
contact therewith and the methanol concentration does 
not exceed about 5.0 percent by weight. 

12. The process of claim 9 wherein the pH during the 
batch-fed growth of xYi^ Pichia pastoris cells is pH 5.8. 30 

13. A process according to claim 1 wherein said fer- 
mentation broth containing the transformed Pichia pas- 
toris cells is contacted with from 2.5 mg/Iiter to about 
10 mg/liter of added amino acids selected from the 
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group consisting of glutamic acid, methionine, lysine, 
leucine and isoleucine and from about 1 gram/liter to 
about SO grams/liter of peptone when said secretion is 
carried out in a shake tube or shake flask. 

14. The process of claim 13 wherein the amino acids 
are provided in the form of yeast extract at a concentra- 
tion in the range of from about 1 g/liter to about 15 
g/liter. 

15. The process of claim 14 wherein the peptone is 
provided at a concentration of about 20 g/liter. 

16. An improved process for the secretion of HSA in 
transformed cells of Pichia pastoris GS115 comprising: 

(a) cultivating in a fermentation broth cells of Pichia 
pastoris GS115 which have been transformed with 
a linear integrative site-specific vector containing 
the following serial arrangement: a first insertable 
t>NA fragment 5' AOXl Promoter at least one 
expression cassette containing a HSA structural 
gene encoding a signal sequence and a mature HSA 
protein operabiy linked to a Pichia pastoris AOXl 
regulatory region and an AOXl termination se- 
quence, at least one marker gene and a second 
insertable DNA fragment 3' to AOXl termination 
sequence, under conditions suitable for sustaining 
the viability of said transformed cells of Pichia 
pastoris GS115, under suitable conditions for the 
expression of said HSA by said cells of Pichia pasto- 
mGSllS, and 

(b) maintaining the pH of said fermentation broth at a 
pH in the range of from about 5.7 to about 6.4 
contemporaneously with the expression of HSA 
protein. 

* • • • * 
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Abstract: A continuous fermentation process has been 
developed In Pichia pastoris (P. pastoris) with the glyc- 
eraldehyde-3-phosphate dehydrogenase {GAP) pro- 
moter In order to produce large quantities of recombi- 
nant human chitinase (rh-chitlnase) for preclinical stud- 
ies as a potential high-dose antifungal drug. Expression 
levels of about 200 to 400 mg/L have been demonstrated 
in fed-batch fermentations using strains with either the 
traditional methanol-inducible or the constitutive GAP 
promoter. Proteolytic degradation of the enzyme was 
typically seen in fed-batch fermentations. Continuous 
production of the enzyme by P. pastoris with the GAP 
promoter was demonstrated in a 1.5-L working volume 
fermentor using either glucose or glycerol as the carbon 
source. The fermentation could be extended for >1 
month with a steady-state protein concentration of ap- 
proximately 300 mg/L Cell densities were >400 g/L wet 
cell weight (WCW) (approximately 100 g/L dry cell weight 
[DCW]) at a dilution rate (D) of 0.83 day' or 1.2 volume 
exchanges per day (WD). No proteolytic degradation of 
the enzyme was seen In the continuous fermentation 
mode, © 2001 John Wiley & Sons, Inc. Biotechnoi Bioeng 74: 
492-497, 2001. 

Keywords: P. pastoris continuous fermentation without 
methanol induction; stable and high-level expression of 
recombinant human chitotrlosldase or chitinase 



INTRODUCTION 

Picltia pastoris was recognized in the 1970s as a potential 
source for production of single-cell proteins for feed supple- 
ments due to its rather unique ability to anabolize methanol 
to very high cell mass. Expression of recombinant proteins 
in P. pastoris has been in development since the late 1980s, 
and the number of recombinant proteins produced in P. 
pastoris has increased significantly in the past several years 
(Cregg et al.. 1993; Sbema et al., 1996). P. pastoris is a 
desirable expression system because it grows to extremely 
high cell densities in very simple and defined media free of 
animal-derived contaminants, and it can secrete expressed 
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■proteins at very high levels of >1 g/L and up to 80% of total 
cellular protein for some proteins (Cregg et al., 1993; 
Sbema et al., 1996). Unlike bacteria, it is capable of pro- 
ducing complex proteins with posttranslational modifica- 
tions; for instance, correct folding, glycosylation, and pro- 
teolytic maturation (Sbema et al., 1996; White et al., 1994). 
P. pastoris is different than Saccharomyces cerevisiae (S. 
cerevisiae) in that it does not tend to hyperglycosylate pro- 
teins (oligosaccharide chains of 8-14 mannose) (Grinna and 
Tschopp, 1989) and the highly immunogenic al,3-mannose 
structure is not present (Cregg et al., 1993). P. pastoris 
generally secretes expressed proteins into the medium in a 
fairly pure form (30% to 80% of total secreted proteins) 
(Sbema et al., 1996), thus allowing for relatively easy pu- 
rification. It is also capable of growing in a very wide pH 
range, from 3 to 7. 

Traditionally, P. pastoris fermentations are performed in 
fed-batch mode using the methanol-inducible system (i.e., 
pPICZa) (Invitrogen, San Diego, CA). Some researchers 
have adapted this system to continuous or continuous per- 
fusion fermentation with limited success (Digan et al., 
1989). Recently, constitutive promoters {GAP) have been 
developed for the P. pastoris expression system (Waterham 
et al., 1997). These vectors allow for continuous production 
of the desired recombinant protein without methanol induc- 
tion and are now readily available commercially (Invitro- 
gen). This system is more desirable for large-scale produc- 
tion because the hazard and cost associated with the storage 
and delivery of large volumes of methanol are eliminated. 

One major drawback of the P. pastoris system is the 
degradation of the secreted recombinant protein by its own 
proteases (Boehm et al., 1999). The situation is worse when 
high-density fermentation is employed because the concen- 
tration of proteases in the fermentation broth may also in- 
crease. Several strategies have been tried including the ad- 
dition of an amino acid-rich supplement, changing of 
growth pH (pH 3 to 7), and use of a protease-deficient host, 
but with only limited success. 

This article describes the development of a continuous P. 
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pastoris high-cell-density fermentation system for the pro- 
duction of recombinant human (rh)-chitinase using the GAP 
promoter and the subsequent stabilization of the recombi- 
nant protein from proteolytic degradation. 

MATERIALS AND METHODS 

Cloning and Selection of Human Chitinase 
(h-chitinase) Gene in P. pastoris 

Vector Construction 

The rh-chitinase cDNA was received from Johannes Aerts, 
University of Amsterdam (WO 9640940), and used as a 
template for all PGR reactions. The coding region of h- 
chitinase, without the secretion signal peptide, and contain- 
ing EcoRL sites at the 5' and 3' ends was generated by 
polymerase chain reaction (PGR) and inserted into £coRI- 
linearized pPICZot and pGAPZa, which contain the 5. cer- 
evisiae a-factor secretion signal. The coding region of h- 
chitinase with its secretion signal peptide and £coRI sites at 
the 5' and 3' ends was generated by PGR and inserted into 
Ecc^RI-linearized pGAPZa. All vectors were obtained from 
Invitrogen. 

Transformation 

P. pastoris cells were made competent and transformed by 
electroporation as previously described (Becker and 
Guarente, 1991), with slight modifications. Briefly, P. pas- 
toris strains X33 and SMDl 168 (Invitrogen) were grown to 
an OD^oo of between 0.5 and 0.8 in a 50-mL culture, pel- 
leted, and resuspended in 10 mL of ice-cold 100 vaM Tris, 
10 mM ethylene-diamine tetraacetic acid (EDTA) buffer 
with 200 mM dithiothreitol (DTT; Sigma, St. Louis, MO), 
and then incubated for 15 min at 30°C with shaking at 100 
revolutions per minute (rpm). Gells were then washed twice 
with ice-cold sterile water and once with 1 M sorbitol (In- 
vitrogen) and resuspended in 100 ^JlL of 1 M sorbitol to a 
final volume of ^200 |jlL. An 80-|xL batch of competent 
cells was electroporated with 2 to 6 of jig DNA in 0.2-cm 
cuvettes at 1500 V, 25 |xF, and 200 flusing a BioRad gene 
pulser with a pulse controller (Bio-Rad Laboratories, Her- 
cules, GA). Immediately after pulsing, 1 mL of ice-cold 
sorbitol was added to the cuvette. Gells were allowed to 
recover overnight at room temperature, then plated (20 to 
100 |jlL cells per plate) directly on YPD (yeast extract, 
peptone, dextrose medium; Invitrogen) agar containing dif- 
fering amounts of zeocin (Invitrogen) for selection. Plates 
were incubated at 30°G. Resistant colonies appeared after 2 
days on 0.1 to 0.5 mg/mL zeocin and after 3 or 4 days on 1 
to 2 mg/mL zeocin. 

Seiection of High Producers 

Several hundred clones that survived higher concentrations 
(0.5 to 2 mg/mL) of zeocin were screened in test tubes as 



follows. A single colony was inoculated into 5 mL of YPD 
in a 50-mL conical centrifuge tube and incubated for 24 h at 
30°C with shaking at 250 rpm. Gell density was measured 
by OD^oo and a fresh 5 mL of YPD was inoculated with 2.5 
X 10^ cells, then incubated as noted earlier. This process 
was repeated as necessary until cells from each clone being 
analyzed were synchronized in growth. Typically, two or 
three passages was sufficient. Once synchronized, cells 
were grown for 60 h, as done earlier. Aliquots of culture (50 
jjlL) were aseptically removed at 24, 48, and 60 h and con- 
ditioned medium was harvested and analyzed by the p- 
nitrophenol (pNP, Sigma) activity assay, as described in 
what follows, to identify top producers. 

The 1 .5-L Fed-Batch Fermentation 

A shake flask containing 100 mL of YPD medium was 
inoculated with one vial (-1 mL, OD^qq = 25) containing a 
recombinant P, pastoris cell line. The flask was incubated at 
30°C with shaking at 220 rpm for 16 to 24 h, until the cell 
density reached an OD^oo of >15. YPD medium (pH 6.0) 
used in shake-flask cultivation consisted of (per liter deion- 
ized water): D-glucose (J. T. Baker, Phillipsburg, NJ) 20 g, 
soy peptone (Quest International, Norwich, NY) 20 g, yeast 
extract (Quest International) 10 g, yeast nitrogen base (with- 
out amino acids) (Difco Laboratories, Detroit, MI) 13.4 g, 
KH2PO4 (J. T. Baker) 1 1.8 g, K2HPO4 (J. T. Baker) 2,3 g, 
and D-biotin (Sigma) 0.4 mg. 

The cells from this flask were used to inoculate a 3.0-L 
fermentor (Applikon, Foster Gity, GA) with a 1.5-L work- 
ing volume at a density of 1.0 to 2,0 OD^ units. The 
fermentor contained basal salts medium plus 2 g/L histidine 
(Sigma) for His" strains. Basal salts medium used for fer- 
mentor batch cultivation contained (per liter deionized wa- 
ter): glucose (or glycerol) 40 g, H3PO4 (85%) 26.7 mL, 
K2SO4 18.2 g, MgS04 • 7H2O 14.9 g, KOH 4.13 g, 
GaS04 ♦ 2H2O 0.93 g, D-biotin (Sigma) 0.87 mg, trace salts 
solution 4.35 mL (trace salts solution [per liter deionized 
water]: Fe2(S04) • 7H2O 65 g, ZnS04 42,19 g, 
GUSO4 • 5H2O 6 g, MnS04 • H2O 3 g, G0GI2 • 6H2O 0,5 g, 
Na2Mo04 • 2H^0 0.2 g, Nal 0.08 g, H3BO3 0.02 g) (all 
components from J. T. Baker, unless noted otherwise). The 
fermentor was maintained at a temperature of 30°G and 
agitation rate of 1000 rpm (pH 5.0). The pH was controlled 
by the addition of phosphoric acid (J. T. Baker) or ammo- 
nium hydroxide (J. T. Baker), as needed. Initially, dissolved 
oxygen (d02) levels were maintained at >20% air saturation 
by the introduction of air to the fermentor at a rate of about 
1.0 volume per volume fermentor per minute (VVM). If 
necessary, 100% oxygen was used to maintain dOj at >20% 
air saturation. 

The cells were grown batchwise until the initial glucose 
was depleted (-24 h) and the WGW was -80 to 100 g/L. 
When the initial glucose (or glycerol) was depleted as in- 
dicated by a dissolved oxygen (PO2) spike, fed-batch fer- 
mentation was initiated by starting the fed-batch medium at 
a rate of 0.13 to 0.20 mL/min per liter of initial medium 
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volume. The fed-batch medium consisted of (per liter deion- 
ized water): 500 g D-glucose (or glycerol), 2.4 mg D-biotin, 
and 12 mL trace salts solution, and, when indicated, 10 g of 
casamino acids. For the methanol-inducible clones, the 
glycerol fed-batch phase was continued for about 4 to 6 h, 
and then a methanol feed was initiated. The methanol feed 
was ramped up from an initial rate of about 0.065 mL/min 
per liter to about 0.13 mL/min per liter over a 4-h period. 
The methanol fed-batch medium consisted of (per liter 
deionized water): 500 mL of methanol, 2,4 mg of D-biotin, 
and 12 mL of trace salts solution. 

Fed-batch fermentation was continued until activity lev- 
eled off (-5 to 7 days). Samples were taken daily for WCW 
and cell density by OD^oo- Supernatant was obtained by 
centrifugation at 4000 to 6000^ for 25 min at 4''C and stored 
at -20°C until assayed. 

The 1.5-L Continuous Fermentation 

After the fed-batch fermentation had been established (see 
previous subsection), and allowed to continue for approxi- 
mately 24 h (WCW -200 to 220 g/L), continuous fermen- 
tation was initiated at a D of 0.48 to 0.55 day"* or 0.7 to 0.8 
WD. The continuous feed medium contained (per liter 
deionized water): 300 g D-glucose, 13.35 mL H3PO4 (85%), 
9.1 g K2SO4, 7.45 g MgS04 • 7H2O, 2.07 g KOH, 0,47 g 
CaS04 • 2H2O, 0.87 mg D-biotin, and 4.35 mL trace salts 
solution. Fermentation conditions were as indicated previ- 
ously for the fed-batch culture. 

After -24 h of continuous culture, the continuous flow 
rate was increased to a Z> of 0.69 to 0.83 day'' or -1 .0 to 1 .2 
WD. Flow rate was maintained in this range for the dura- 
tion of the run. Samples were taken daily for WCW, and cell 
density by ODgoo- Supernatant was obtained and stored at 
-20°C for recombinant protein concentration measure- 
ments. 

The continuous outflow of culture was harvested daily. 
Supernatant was obtained by centrifugation at 4000 to 
6000^ for 25 to 35 min at 4°C and stored at -20°C until 
processing. 

rh-Chitinase Activity Assay 

Crude supernatant or pNP standard (Sigma) (0 to 20 nM/ 
well) was diluted in assay buffer (pH 5.2). One hundred 
microliters of standard and diluted crude supernatant was 
placed into duplicate wells in a 96-well microliter plate. One 
hundred microliters of substrate, 0.25 mg/mL pNP-p-N,N'- 
diacetylchitobiose (Sigma), was then added to each well and 
the plate incubated at 37°C with shaking at 50 rpm. After 2 
h, 50 yuL of l.ON NaOH was added to each well and the 
absorbance at 405 nm against 650 nm (reference) was read 
using a microtiter plate reader. Activity was determined 
using a pNP standard curve. A specific activity (determined 
using purified material at Genzyme) of 1 .67 U/mg was used 
to convert activity units (units per milliliter) to protein units 
(milligrams per milliliter). 



Sodium Dodecylsulfate-Polymerase Chain 
Reaction (SDS-PAGE) and Gel Staining 

About 10 to 20 jiL of supernatant of each sample (-4 |xg 
recombinant protein) was mixed with 20 jjlL of 2 x SDS- 
reducing sample loading buffer (BioRad, CA) and 30 to 40 
|xL was subjected to electrophoresis on 4% to 20% Tris- 
glycine acrylamide minigels (Ready Gel, Bio-Rad Labora- 
tories) in Tris-glycine-SDS running buffer (Bio-Rad). Gels 
were stained with Coomassie blue staining reagent (Bio- 
Rad) for about 1 h, then destained with 40% methanol/ 10% 
acetic acid for about 1 h. 



RESULTS AND DISCUSSION 

Fed-Batch Production of rh-Chitinase by a 
Methanol-Inducible Mut Clone (pPICZa-SMD 
1168 H/s-) 

Cell yield (WCW) of the culture plateaued after 2 days at 
200 g/L, whereas activity increased slowly through day 5. 
Final rh-chitinase concentration in the culture broth reached 
a moderate level of 300 mg/L (Fig. la). However, degrada- 
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Figure 1. (A) rh-Chiiinase expression in methanol induced fed-batch 
culture with P. pastoris (host SMD 1 168, His', vector pPICZo). A 50% 
glycerol solution was fed during day I (0.3 mL/min). Subsequently, in- 
duction with methanol (0. 12 mL/min) was initiated. (B) SDS-PAGE. Lanes 
2 and 3: P, pastoris derived rh-chitinase-purified standard containing full- 
length and cleaved 37-kDa protein (both forms are active). Lane 4-7: 
Supernatant from fed-batch culture, days 2 to 5. 
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tion of the rh-chitinase was evident on day 4 when the daily 
samples were analyzed on SDS-PAGE gel (Fig. lb). Two 
distinct bands can be seen in samples collected on day 5. 
These data may explain why the rh-chitinase activity only 
increased slowly with time under fed-batch mode. 



Fed-Batch Production of rh-Chitinase by a 
Constitutive Clone (pGAPZa-SMD 1168 His') 

When pGAPZa-SMD 1168 was grown under fed-batch 
conditions, cell yield reached 330 g/L WCW and an rh- 
chitinase concentration of 450 mg/L was attained (Fig. 2a). 
A degradation pattern similar to the fed-batch methanol- 
inducible clone (pPICZa-SMD 1168 His') was seen with 
the recombinant protein. A second lower MW band began to 
appear after 6 days and the band became more prominent on 
day 7, suggesting proteolytic degradation (Fig. 2b). 



Protection of Enzyme from Proteolytic 
Degradation by Casamino Acids Supplementation 
(pGAPZa-SMD 1168 His ) 

Casamino acids (CAs) have been shown to protect proteins 
from proteolytic degradation when added to P. pastoris cul- 
tures (Clare et al., 1991; Werten et al., 1999). They were 
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Figure 2. (A) Constitutive rh-chitinase expression in fed-batch culture 
with P. pastoris (host SMD 1 168, //«". vector pGAPZa). A 50% glycerol 
solution was fed (0.16 mL/min). (B) SDS-PAGE. Lanes 2-5: supernatant 
from fed-batch culture, days 4 to 7. 



included in the fed-batch feed medium and supernatant 
samples (4, 5, 6, and 7 days) were collected and analyzed by 
SDS-PAGE. A tight band at around 50 kDa in each of the 
samples analyzed suggests intact rh-Chitinase (Fig. 3). This 
can be compared with samples from a fed-batch fermenta- 
tion without CAs, which showed a low-MW band on day 6 
(Fig. 2b). 

These data suggest that rh-chitinase was most likely de- 
graded by proteolytic enzymes under fed-batch conditions 
and that rh-chitinase can be stabilized by the addition of 
CAs. Although CAs appeared to be effective in preventing 
proteolytic degradation of rh-chitinase in the fermentation 
broth, this method is not ideal because of the animal origin 
of CAs. 



Stabilization of rh-Chitinase by Continuous 
Fermentation (pGAPZa-SIVID 1168 H/s~} 

Figure 4a shows rh-chitinase production and growth data of 
the constitutive clone (pGAPZa-SMD 1 168 His~) in a con- 
tinuous mode. Medium was exchanged at a D of 0.69 day"* 
or 1.0 WD. The culture reached steady state on day 2 of 
continuous mode and rh-chitinase was produced at a volu- 
metric productivity of ~1 80 mg/L per day. The fermentation 
was continued for 26 days and samples from days 2 through 
8 were analyzed by SDS-PAGE. The gel shows a single 
rh-chitinase band (-50 kDa) in all samples (Fig. 4b), indi- 
cating that continuous fermentation can prevent degradation 
of rh-chitinase for at least up to 8 days. 

It is speculated that, when the culture is grown in con- 
tinuous mode, the cells do not enter stationary phase and 
thus little or no proteolytic enzyme(s) is produced and re- 
leased into the medium. It is also possible that, when the 
recombinant protein is harvested continuously, it is exposed 
to less concentrated proteolytic enzymes for a much shorter 
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Figure 3. Constitutive rh-chitinase expression in fed-batch culture with 
P. pastoris (host SMD 1168, His', vector pGAPZa). A 50% glycerol 
solution was fed (0.16 mL/min) containing casamino acids (graph not 
shown). SDS-PAGE. Lanes 2-5: supernatant from fed-batch culture, days 
4 to 7. 
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Figure 4. (A) Constitutive rh-chitinase expression in continuous culture 
with P. pastoris (host SMD 1 168, W/r, vector pGAPZa). A 50% glycerol 
solution was fed (1.0 mL/min; I.O WD). (B) SDS-PAGE. Lane 2-8: 
supernatant from continuous culture, days 2 to 8. 



time period compared with rh-chitinase produced under fed- 
batch conditions. SDS-PAGE analysis of samples after day 
8 was not performed because the onset of degradation typi- 
cally occurred before day 8. 



Continuous Fermentation of pGAPZa-X33 
His* Clone 

The highest producing clone was isolated when the X33 
wild-type host was used for the transformation and colonies 
were selected on 2.0-mg/mL zeocin plates. This clone was 
grown in the continuous mode with an initial D = 0.55 
day"' or 0.8 WD, The feeding rate was ramped up slowly 
to D = 0.83 day-^ or 1,2 WD by day 6 (Fig. 5a). The 
rh-chitinase concentration increased steadily from about 50 
mg/L to 300 mg/L within a period of 8 days. Cell yield 
plateaued on day 5 (-400 g/L WCW) and rh-chitinase con- 
centration plateaued on day 9 (-300 mg/L). The culture was 
fed continuously with 30% glucose feed medium (see Ma- 
terials and Methods) at £) = ; 0.83 day"' or 1 .2 WD for an 
additional 24 days. The cell yield and rh-chitinase volumet- 
ric productivity remained steady at 400 g/L WCW and 360 
mg/L per day, respectively. 
As far as we know, this is the first report describing a P, 
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Figure 5. (A) Constitutive rh-chitinase expression in continuous culture 
with P. pastoris (host X33, vector pGAPZa). A 30% glucose continuous 
feed medium was fed (1.2 mL/min; 1.2 WD). Culture was run success- 
fully for 30 days. (B) SDS-PAGE. Lane 2-5: supernatant from continuous 
culture, days 10 to 30. 



pastoris high-cell-density fermentation continuing for 30 
days. The culture showed no signs of decline for cell and 
product yields at run termination. SDS-PAGE analysis of 
samples indicated that the product was not degraded, even 
on day 30 of the fermentation (Fig. 5b). We have since 
cloned two other therapeutic proteins (one antiangiogenesis 
protein and one lysosomal enzyme) into P, pastoris with the 
GAP promoter and produced them using continuous fer- 
mentation conditions. Both recombinant proteins, which are 
normally digested by proteases under fed-batch conditions, 
were produced in an intact form using this continuous fer- 
mentation method (data not shown). 



CONCLUSIONS 

A process for the cultivation of P. pastoris in continuous 
fermentation, using the constitutive GAP promoter for the 
production of recombinant proteins, has been developed. To 
our knowledge, this is the first use of a continuous high- 
cell-densily fermentation process employing the constitu- 
tive expression vector (pGAPZa) in P. pastoris. The pro- 
ductivity level achieved of 360 mg/L per day, or 3.6 mg/mg 
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DCW per day, was within the range seen in the literature for 
recombinant proteins produced in P, pastoris. 

This continuous system provides not only for greatly en- 
hanced production of recombinant proteins (approximately 
five- to sixfold higher productivity than fed-batch fermen- 
tation) and reduction of downtime associated with fermen- 
tor turnaround, but also for the production of intact proteins 
that are usually degraded in fed-batch fermentation. This 
may be due to the continual separation of sensitive proteins 
from the culture broth and/or a reduction in the level of 
protease(s) in the culture. 

Also, the constitutive expression system allows for the 
safe handling of the P, pastoris production system, espe- 
cially at the large scale, avoiding the use of methanol, which 
is flammable. This would greatly reduce the hazard and 
costs involved with large-scale production of recombinant 
therapeutic proteins in P, pastoris by alleviating the need for 
explosion-proof GMP facilities. 

It is believed that this continuous P. pastoris expression 
system, employing the GAP promoter, is applicable to a 
wide range of proteins that previously could not be pro- 
duced in the methylotrophic yeast P, pastoris due to pro- 
teolytic degradation and/or economic reasons. 
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[57] ABSTRACT 

Human serum albumin obtained by gene manipulation 
techniques can be puriiied by a combination of specified 
steps in which a culture supernatant obtained from a 
human serum albumin-producing host is subjected to 
ultrafiltration, heat treatment, acid treatment and an- 
other ultrafiltration, followed by subsequent treatments 
with a cation exchanger, a hydrophobic chromatogra- 
phy carrier and an anion exchanger, and by salting-out 
to thereby obtain a pure form of human serum albumin 
which contains substantially no proteinous and polysac- 
charide contaminants, which is formulated into a phar- 
maceutical preparation. This process makes it possible 
to effeciently purify recombinant human serum albumin 
and to provide substantially pure human serum albumin 
which does not contain producer host-related sub- 
stances and other contaminants and is sufficiendy free 
from coloration. 

10 Claims, 2 Drawing Sheets 
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raw materials or secreted by a microorganism during 

RECOMBINANT HUMAN SERUM ALBUMIN, culturing of the host microorganism or are introduced 

PROCESS FOR PRODUCING THE SAME AND during purification of the resulting HS A, and that those 

PHARMACEUTICAL PREPARATION contaminants bind to HSA to cause coloring of the 
CONTAINING THE SAME 5 HSA itself. What is more, such contaminants cannot be 

removed sufficiently by means of any prior art process 

FIELD OF THE INVENTION for the purification of plasma-derived HSA. 

The instant invention relates to a process for produc- SUMMARY OF THE INVENTION 
mg recombmant human serum albunun, m which the 

human senmi albumin is purified through a combination Taking the aforementioned problems involved in the 

of steps to yield a substantially pure form of human prior art into consideration, the instant inventors have 

serum albumin. conducted intensive studies and, as a result, succeeded 

BACKGROUND OF THE INVENTION llSril'-'^io^SXr'™ 

Albumin, especially human serum albumin (HSA), is An object of the instant invention is to provide 
an important protein of the circulatory system. The human serum albumin obtained by means of gene ma- 
protein is produced in the liver and has a major role in nipulation techniques, which does not contain producer 
ma in ta inin g normal osmotic pressure of body fluids, host-related substances or other contaminants and is 
such as blood. It also serves as a carrier of various mole- substantially free from coloring. 

More specifically, the instant invention provides a 

HSA IS administered under various clinical condi- process for producing a recombinant human serum 

tions. For example, in the case of shock or bum injury, albumin comprising the steps of: 

It is neccssaiy, in general, to administer HSA frequM^^ (1) treating a culture supernatant of a host which 

to rwtore blood vdumc and to aUevxate other mjury- expresses human serum albumin, with a first ultrafiltra- 

rdated symptoms Patio^^^ 25 membrane having a molecular weight exclusive 

emiaana letai erytnrowastosis sometmies require HSA f^^^ 100,000 to 500,000 and then with a second 

In other words, a comroon indicatioi. for HSA ad. Sri.'^f'?^'^^ r5^tf.nriS?lo "'^n'^'f ! 

^i^Zr.4r^*: 77^ t fi - J L J • exclusive limit of from 1,000 to 50,000 to yield a first 

numstradon is a loss of body flmds, such as during a » » j 

surgical procedure, shock, bum injury or hypoproteine- 30 J^fj <- * * c/^» * -m- r on 

mia which causes edema. heat-treatmg the first filtrate at 50' to 70' C for 30 

Currently, HSA is produced mainly as a fractionated T.n'" ?/ ^^"^ u t""^^ ! ^^'f "^^It' . 

product of collected blood. Such a production process, . ^f} acid-treatmg the heated sample at a pH of 3 to 5 to 

however, has disadvantages in that it is not economical >^^Ax ^ a<:>a-treated sample; 

and the supply of blood is sporadic. In addition, col- 35 W treatmg the acid-treated sample using an ultrafil- 

lected blood sometimes contains undesirable substances, membrane having a molecular weight exclusive 

such as hepatitis virus. In consequence, it is profitable to 100,000 to 500,000 to yield a second fil- 
develop a material which can be used as an HSA substi- 

tute. (^) allowing the second filtrate to contact with a. 

Recent advances in recombinant DNA techniques 40 cation exchanger at a pH of 3 to 5 and a salt concentra- 
have rendered possible microbial production of various ^-^^ *o 0.2M, and then exposing the cation ex- 
types of useful polypeptides, and, as a result, a number changer to a pH of 8 to 10 and a salt concentration of 0.2 
of mammalian polypeptides already have been pro- 0.5M to yield a first eluate; 

duced in various microorganisms. With regard to HSA, (^) allowing the first eluate to contact with a carrier 

establishing techniques for the large scale production of 45 ^^r hydrophobic chromatography at a pH of 6 to 8 and 

HSA by recombinant methods and subsequent high a salt concentration of 0.01 to 0.5M, and recovering 

grade purification also is in progress. non-adsorbed fractions to yield a second eluate; and 

Techniques for the isolation and purification of HSA U) allowing the second eluate to contact with an 
from plasma have been studied ft-om various points of anion exchanger at a pH of 6 to 8 and recovering non- 
view and put into practical use. For example, the etha- 50 adsorbed firactions to yield the albumin, 
nol fractionation method of E. J. Cohn et al., PEG An additional step (8) may be employed in the above 
fractionation method, ammonium sulfate fractionation process, in which the resulting eluate of step (7) further 
method and the like are well known methods. In addi- is allowed to contact with a chelate resin and the result- 
tion to those methods, several purification processes ing non-adsorbed firactions are recovered, 
recently have been developed, such as, for example, a 55 Another object of the instant invention is to provide 
process in which an anion exchanger treatment and a a substantially pure recombinant human serum albumin, 
heat treatment at 60* C for 10 hours are employed in wherein a 25% solution of the albumin contains con- 
combination (JP- A-2-191226 corresponding to EP-A- taminated proteins in an amount of 0. 1 ng/ml or less and 
367220) and a process in which an anion exchanger contaminated polysaccharides in an amoimt of 1 ng/ml 
treatment, a cation exchanger treatment and a heat 60 or less. 

treatment at 60* C. for 10 hours are employed in combi* Another object of the instant invention is to provide 

nation (JP-A-3-17123 corresponding to EP-A-428758). a pharmaceutical preparation comprising recombinant 

(The term "JP-A" as used herein means an '*unexam- human serum albumin, acetyltryptophan or a salt 

ined published Japanese patent application".) thereof and sodium caprylate. 

However, in the case of producing HSA by means of 65 

gene manipulation techniques, it is highly probable that DESCRIPTION OF THE DRAWINGS 

an HSA preparation of interest will be contaminated by FIGS. 1(c) and (b) are graphs showing the results of 

certain coloring components which are contained in the HPLC analysis of HSA obtained as the culture super- 
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nates and after the hydrophobic chromatography purifi- 
cation step. 

FIG. 2 is a graph showing binding curves of lauric 
acid to HSA. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The term ^^substantially pure HSA" used herein 
means that a 25% aqueous solution of purified HSA 
contains contaminated proteins and polysaccharides in 
an amount of at most 0. 1 ng/ml or below and 1 ng/ml or 
below, respectively, or that the purity of purified HSA 
is 99.999999% or more. 

In the process of the instant invention, the step (6) 
may be replaced by another step (6) in which the result- 
ing eluate of the step (5) is allowed to contact with a 
carrier for hydrophobic chromatography at a pH of 6 to 
8 and a salt concentration of 1 to 3M, and then the 
carrier is exposed to a pH of 6 to 8 and a salt concentra- 
tion of 0.01 to 0.5M. 

Also, the step (7) of the process of the present inven- 
tion may be replaced by another step (7) in which the 
resulting eluate of the step (6) is allowed to contact with 
an anion exchanger at a pH of 6 to 8 and a salt concen- 



sponding to EP-A-3 19641), a process in which a recom- 
binant plasmid is introduced into chromosome (JP-A-3- 
72889 corresponding to EP-A-399455), a process in 
which hosts are fused (JP-A-3-53877 corresponding to 
5 EP-A-409 1 56), a process in which mutation is generated 
in a methanol containing medium, a process in which a 
mutant AOX2 promoter is used (EP-A-506040), a pro- 
cess in which HSA is expressed in subtilis (JP-A--62- 
215393 corresponding to EP-A-229712), a process in 
10 which HSA is expressed in yeast (JP-A-60-41487 corre- 
sponding to EP-A-123544, JP-A-63-39576 correspond- 
ing to EP-A-248657 and JP-A-63-74493 corresponding 
to EP-A-251744) and a process in which HSA is ex- 
pressed in Pichia (JP-A-2- 104290 corresponding to EF- 
15 A-344459). 

The process in which mutation is generated in a me- 
thanol-containing medium is carried out in the follow- 
ing manner. 

Firstly, a plasmid containing a transcription unit 
20 which is constructed so as to express HSA under the 
control of AOXl promoter is introduced into the 
AOX 1 gene region of an appropriate host, preferably z 
Pichia yeast, more preferably Pichia strain GTS 115 
(NRRL deposition number Y-15851) (JP-A-2- 104290 
tration of 0.001 to 0.05M, and then the anion exchanger 25 corresponding to EP- A-344459) to obtain a transfor- 



is exposed to a pH of 6 to 8 and a salt concentration of 
0.05 to IM. 

In addition, the process of the present invention may 
further comprise a salt precipitation (salting-out) step 



mant. Since the thus obtained transformant does not 
grow well in a methanol-containing medium, mutation 
of the transformant is effected by culturing the transfor- 
mant in a methanol-containing medium to isolate a mu- 



foUowing step (5), step (6) or step (7), m which the salt 30 tant strain which is capable of growing m the medium 



precipitation is carried out by exposing the first eluate, 
the second eluate or the albumin to a pH of 3 to 5 and 
a salt concentration of O.S to 3M to yield a precipitation 
and dissolving the precipitate in a buffer. 

The instant invention is described in detail below. 
(1) Recombinant HSA 

The HSA-producing host prepared by means of gene 
manipulation techniques to be used in the instant inven- 
tion is not limited so long as the HSA has been prepared 



The methanol concentration in the medium may be in 
the range of approximately from 0.01 to 5%. The me- 
dium may be either synthetic or natural, and the cultur- 
ing may be carried out at 15* to 40* C for 1 to 1,000 
35 hours. 

Culturing of an HSA-producing host (an HSA. pro- 
duction process) may be carried out using known pro- 
cesses disclosed in the aforementioned references, or in 
accordance with a process disclosed in JP-A-3-83595 in 



via gene manipulation techniques, hence the host can be 40 which high concentration substrate inhibition of KS/_ 



45 



50 



selected from hosts already known in the art, as well as 
those hosts which will be developed in the future. Illus- 
trative examples of the host include microbial cells, 
such as Escherichia coH, various yeast species, Bacillus 
subtilis and the like, and animal cells. Particularly pre- 
ferred hosts are yeast species, especially those belong- 
ing to the genus Saccharomyces, such as Saccharomyces 
cerevisiae. or the genus Pichia, such as Pichia pastoris. 
Auxotrophic strains or antibiotic-sensitive strains also 
may be used. Saccharomyces cerevisiae AH22 (a, his 4, 
leu 2, can 1), Pichia pastoris GTS115 (his 4) and the like 
strains are used preferably. 

Preparation of the HSA-producing hosts, production 
of HSA by culturing the hosts and isolation and recov- 
ery of HSA from the resulting culture broth may be 55 
effected using known techniques or modified proce- 
dures thereof. For example, preparation of an HSA-pro- 
ducing host (or an HSA-producing strain) may be ef- 
fected using a process in which a natural human serum 
albumin gene is used (JP-A-58-56684 corresponding to 60 
EP-A-73646, JP-A-58.90515 corresponding to EP-A- 
79739 and JP-A-58-150517 corresponding to EP-A- 
91527), a process in which a modified human serum 
albumin gene is used (JP-A-62-29985 and JP-A-1-98486 
corresponding to EP-A-206733X a process in which a 65 
synthetic signal sequence is used (JP-A-1-240191 corre- 
sponding to EP-A-329127), a process in which a serum 
albumin signal sequence is used (JP-A-2- 167095 corre- 



producer cells is avoided by gradually adding a high 
concentration glucose solution to a medium by means of 
fed batch fermentation, thereby enabling production of 
both the producer cells and the product in high concen- 
trations, or in accordance with another process dis- 
closed in JP-A4-293495 corresponding to EP-A- 
504823 in which productivity of HSA is improved by 
adding fatty acids to a medium. 

Isolation and recovery of HSA may be carried out 
using known processes disclosed in the aforementioned 
references, or in accordance with a process disclosed in 
JP-A-3-103188 corresponding to EP-A-420007 in which 
proteases are inactivated by heat treatment or a color- 
ation inhibition process disclosed in JP-A-4-54198 cor- 
responding to U.S. Pat No. 5,132,404 or EP-A464590 in 
which HSA is separated from coloring substances using 
at least one adsorbent selected from the group consist- 
ing of anion exchangers, hydrophobic carriers and acti- 
vated charcoal. 

The medium for culturing a transformed host may be 
prepared by adding fatty acids having 10 to 26 carbon 
atoms, or salts thereof, to a known medium, and cultur- 
ing the transformant under known conditions. The me- 
dium may be cither synthetic or natural, but preferably 
a liquid medium. For example, a suitable synthetic me- 
dium may be composed of: carbon sources, such as 
various saccharides and the like; nitrogen sources, such 
as urea, ammonium salts, nitrates and the like; tr^ce 
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nutrients, such as various vitamins, nucleotides and the thereof may be used in an amount of approximately 

like; and inorganic salts, such as of Mg, Ca, Fe, Na, K, from 1 to 100 mM. 

Mn, Co, Cu and the like. An illustrative example of such In the heat treatment step, color development caused 

a medium is YNB Uquid medium which consists of 0.7% by the heating can be prevented by the addition of a 

Yeast Nitrogen Base (Difco) and 2% glucose. An illus- 5 thiol compound (for example, mercaptoethanol, cyste- 

trative example of a useful natural medium is YPD ine, reduced glutathione or the like) in an amount of 

liquid medium which consists of \% Yeast Extract approximately from 1 to lOOmM, preferably from 5 to 

(Difco), 2% Bacto Peptone (Difco) and 2% glucose. 30mM, and aminoguanidine in an amount of from 10 to 

The medium pH may be neutral, weakly basic or l,000mM. A part of this step has already been disclosed 

weakly acidic. In the case of a methanol assimilating 10 JP-A-3-103188. 

host, the medium may be further supplemented with Acid treatment 

methanol in an amount of approximately from 0.01 to The heat-treated solution of the above step (ii) is 

5%, adjusted to a pH of approximately 3 to 5, preferably 4 to 

Culturing of a host may be carried out preferably at ^-^^ with acid and then allowed to stand for a period of 
15' to 43" C (20 to 30* C, for yeast strains, 20" to 37' C. approximately 1 to 12 hours. Examples of the acid in- 
fer bacterial strains) for 1 to 1,000 hours, by means of ^^^^^ ^^^^^ hydrochloric acid, phophoric acid, 
static or shaking culturing or batch, semi-batch or con- sulfuric acid and the like, 
tinuous culturing under agitation and aeration. (iv) Ultrafiltration 

In that instance, it is desirable to prepare a seed cul- ^ ^^^P* Poly^enzed high molecular weight cou- 
ture prior to the batch culturing. The seed culturing 20 taminante are removed by ultrafiltration. High molecu- 
may be carried out usmg the aforementioned YNB liq- weight substances are removed usmg an ultrafiltm- 
uidmediumorYPDUquidmedimn,preferablyat30-C f?^^ membrane havmg a molecda^ weight exclusive 
(yeast) or 37' C. (bacterium) and for 10 to 100 hours. ^TfrJ!^ tV'^"" T 5 

After completion of the culturing, HSA is recovered ^ ^^."^^ ^^J^' ^ '^^^^ exchange may 

from the resulting culture medium or cells in the usual ^ ^f^^ the foUowmg caUon exchanger 

^ ® treatment, usmg an ultrafiltration membrane havmg a 

(2) Purification of HSA T'^l^'Sf ^ exclusive toit of^pproximatcly from 

(i) Ultrafiltration ' 50,000, preferably from about 10,000 to about 

High molecular weight subsUnces other than HSA, 3^ ^°;5oCation exchanger treatment 

as weU as low molecular weight substances, are sepa- ^^^^^ ^ ^^^^ exchangers are those having sulfo 

rated and removed from a culture supernatant obtained j Dlustrative exam- 

after separation HSA-producmg host cells, usmg ultra- pj^j of the sulfo group-contaming cation exchangers 

til^auon techmques. j^^j^^j^ sulfoagarose (trade name, S-Sepharose ©, 

High molecular weight substances are removed using 35 available from Pharmacia), sulfopropyl-dextran (trade 

an ultrafiltration membrane havmg a molecutor weight SP-Sephadex ®, avaUable from Pharmacia), sul- 

excluMve hmit of approximatdy from 100,000 to fopropyl-polyvinyl (trade name, SP-Toyopearl ®, 

500,000, preferably around 300,000, and low molecular available from Tosoh Corp.) and the Uke. Dlustrative 

weight substances are removed using another ultrafil- examples of the carboxyl group-containing cation ex- 

tratton membrane havmg a molecular weight exclusive 40 changers include carboxymethyl-dextran (trade name, 

limit of approxmiately from 1,000 to 50,000, preferably CM-Sephadex ®, available from Pharmacia; and trade 

from about 10,000 to about 30,000. name, CM-CeUulofme ®, avaUable from Seikagaku 

Separation of remaining HSA-producing host cells is corp.) and the like, 
effected simultaneously at the time of the removal of xhe exchanger can be equilibrated with an appropri- 
high molecular weight substances, and concentration of 45 ate buffer such as acetate buffer having a pH of approxi- 
the liquid is effected at the time of the removal of low mately 3 to 5, preferably 4 to 4.6 and containing a salt 
molecular weight substances. such as sodium chloride in a concentration of approxi- 
Cu) Heat treatment niately 0.01 to 0.2M, preferably 0.05 to O.IM. The same 
The concentrated solution obtained in the above step buffer can be used for contacting and washing treat- 
(i) is subjected to heat treatment at 50" to 70" C. for 50 ments. Elution may be effected with an appropriate 
approximately 30 mmutes to 5 hours, preferably at 60' buffer such as phosphate buffer having a pH of gener- 
C. for approximately 1 to 3 hours. ally 8 to 10, preferably 8.5 to 9.5 and containing a salt 
Preferably, the heating is conducted in the presence such as sodium chloride in a concentration of generally 
of a stabilizmg agent Preferred examples of the stabi- o.2 to 0.5M, preferably 0.3 to 0.4M. 
lizer include acetyltryptophan and an organic carbox- 55 (vi) Hydrophobic chromatography 
ylic acid having 6 to 18 carbon atoms, or a salt thereof. Carriers for use in hydrophobic chromatography 
The stabilizers may be used in combination. Acetyltryp- include those containing an alkyl group (butyl group, 
tophan may be used in an amount of approximately octyl group, octyldecyl group and the like), each group 
from 1 to 100 mM. Illustrative examples of the organic having 4 to 18 carbon atoms, and those containing a 
caiboxylic acid having 6 to 18 carbon atoms include 60 phenyl group. lUustrative examples of the butyl group- 
capxoic acid (6 carbon atoms), caprylic acid (8 carbon containing carriers include butyl-agarose, butyl-polyvi- 
atoms), capric acid (10 carbon atoms), lauric acid (12 nyl (trade name. Butyl Toyopearl ®, available from 
carbon atoms), palmitic acid (16 carbon atoms), oleic Tosoh Corp.) and the like, those of the octyl group-con- 
acid (18 carbon atoms) and the like. Illustrative exam- taining and octyldecyl group-containing carriers in- 
plesof the salts include alkali metal salts such as sodium 65 elude octyl-agarose and octyldecyl-agarose, respec- 
salt, potassium salt and the like, and alkaline earth metal tively, and those of the phenyl group-containing carrier 
salts, such as calcium salt and the like. The organic include phenyl-cellulose (trade name. Phenyl Cellulofi- 
carboxylic acid having 6 to 18 carbon atonots or a salt ne ®, available from Seikagaku Corp.) and the like. 
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In this step, HSA can be recovered from non- (v) and the hydrophobic chromatography tresitment 

adsorbed fractions. In that case, contacting may be step (vi) or between the hydrophobic chromatography 

effected using an appropriate buffer such as phosphate treatment step (vi) and the anion exchanger treatment 

buffer having a pH of approximately 6 to 8, preferably step (vii). 

6.5 to 7 and containing a salt such as sodium chloride in 5 (ix) Chelate resin treatment 

a concentration of approximately 0.01 to O.SM, prcfera- The above purification steps may further contain t 
bly 0.05 to 0.2M. step of allowing HSA to contact with a chelate resin 
HSA also can be recovered by elution after adsorp- which has a specified ligand moiety. This step may be 
tion to the aforementioned carrier. In that case, contact- carried out preferably after the anion exchanger treat- 
ing and washing may be carried out using an appropri- 10 ment or salting-out precipitation treatment, whichever 
ate buffer such as phosphate buffer having a pH of is the later. 

approximately 6 to 8, preferably from 6.5 to 7 and con- Preferably, the carrier moiety of the chelate resin 

taining a salt such as sodium chloride in a concentration may have hydrophobic nature. Examples of such a type 

of approximately 1 to 3M, preferably 1,5 to 2M, The of carrier moiety include a copolymer of styrene and 

elution may be effected with an appropriate buffer such 15 divinylbenzene, a copolymer of acrylic acid and meth- 

as phosphate buffer having a pH of approximately 6 to acrylic acid and the like. 

8, preferably 6.5 to 7 and containing a salt such as so- Examples of the ligand moiety include a thiourea 

dium chloride in a concentration of approximately 0.01 group, as well as a polyamine group (including a polyal- 

to 0.5M, preferably 0.05 to 0.2M. kylene polyamine group such as polyethylene poly- 

(vii) Anion exchanger treatment 20 amine or the like) which contains, in one molecule, a 
Examples of anion exchangers include those contain- plurality of sub-groups consisting of a polyol group 

ing the diethylaminoethyl (DEAE) group, those con- such as an N-methylglucamine group, an imino group, 
taining a quaternary aminoethyl (QAE) group and the an amino group, an etbyleneimino group and the lilce. 
like. Illustrative examples of the DEAE group-contain- Illustrative examples of preferred commercially avail- 
ing anion exchangers include DEAE-agarose (trade 25 able chelate resins having the above-described carrier 
name, DEAE-Sepharose (g), available from Pharmacia), and ligand moieties, include DIAION CRB02 @ (li- 
DEAE-dextran (trade name, D£A£-Sephadex ®, gand moiety, N>methylglucamine group, available from 
available from Pharmacia), DEAE-polyvinyl (trade Mitsubishi Kasei Corp.), DIAION CR20® (ligand 
name, DEAE-Toyopearl ®, available from Tosoh moiety, — NH(CH2CH2>iH)nH, available from ivfit- 
Corp.) and the like. Illustrative examples of the QAE 30 subishi Kasei Corp.), LEWATIT TP214® (ligand 
group-containing anion exchangers include QAE- moiety, — NHCSNH2, available from Bayer) and AM- 
agarose (trade name, Q-Sepharose ®, available from BERLITE CG4000 (g), all of which have a copolymer 
Pharmacia), QAE-polyvinyl (trade name, QAE- of styrene and divinylbenzene as the carrier moiety, 
Toyopearl @, available from Tosoh Corp.) and the Uke. Preferred conditions for the chelate resin treatment 

In this step, HSA can be recovered from non- 35 are as follows, 

adsorbed fractions. In that case, contacting may be pH: acidic or neutral (pH 3 to 9, preferably 4 to 7), 

effected using an appropriate buffer such as phosphate period: at least 1 hour, preferably 6 hours or more, 

buffer having a pH of approximately 6 to 8, preferably ionic strength: 50 mmho or less, preferably 1 to 10 

6.5 to 7 and a s^t concentration of approximately 0.01 nunho, 

to O.IM. 40 mixing ratio: O.l to 100 g, preferably 1 to 10 g, of the 

HSA also can be recovered by elution after adsorp- resin based on 250 mg of HSA (wet basis), 

tion to the aforementioned carrier. In that case, contact- In the process, contaminated coloring substances 

ing and washing may be carried out using the same derived from the raw material or the host are adsorbed 

buffer as described above except for containing a salt to the chelate resin, thus enabling reduction of coior- 

such as sodium chloride in a concentration of 0.001 to 45 ation of HSA. 

0.05M and elution may be carried out with the same The steps (v), (vi), (vii) and (ix) may be carried out 

buffer but having a salt concentration of 0.05 to IM. using a column or in a batchwise operation, with the use 

(viii) Salting-out of a column being preferred. 

In this step, HSA is precipitated specifically by add- HSA thus purified through the above steps (i) to (vii) 
ing a salt component to the sample solution to a final salt SO and the additional salting-out and chelate resin treat- 
concentration of approximately 0.1 to 3M, preferably ment steps is substantially free from coloring, which 
0.5 to 1.5M and then adjusting the resulting solution to means a coloring degree of the purified HSA ranges 
a pH of approximately 3 to 5, preferably 3.5 to 4.5. approximately from 0.001 to 0.005 in terms of an A500 
Impurities in the supernatant fluid are removed by sepa- /im/A2go nm ratio in a 25% HSA solution. The term "a 
rating the HSA precipitate. 55 25% HSA solution" used herein means a solution of 

The thus precipitated HSA is dissolved in an appro- 25% protein which may contain contaminated proteins 

priate buffer solution. Though not particularly limited, in an amount lower than the detection limit, namely 0.1 

usable as salt components to adjust ionic strength are ng/ml, other than purified HSA. Coloration of HSA is 

sodium chloride, potassium chloride, ammonium sul- reduced to a level of from i to 1/10 by the chelate resin 

fate, sodium (or potassium) thiocyanate, sodium sulfate 60 treatment of the instant invention. Especially, absor- 

and the like. Also, though not particularly limited, sepa- bance at around 500 nm, namely reddish coloration, is 

ration of the precipitated HSA from the supernatant reduced to a level of from i to 1/10. 

fluid may be effected preferably by centrifugation, press In addition, fatty acids which adsorb or bind to KSA, 

separation, cross-flow membrane separation and the derived from the medium or the host or secreted by tlie 

like. 65 host, can be removed by the chelate resin treatment. 

This step may be carried out preferably after the Amounts of fatty acids adsorbed to HSA which has 

anion exchanger treatment step (vii), but may also be been purified through the above steps (i) to (vii) and the 

interposed between the cation exchanger treatment step additional salting-out step are reduced to a level of l/IO 



5,440,018 



10 



15 



20 



or below, preferably 1/100 or below, by the chelate 
resin treatment 

Amounts of &tty acids adsorbed to HSA can be mea« 
sured in accordance with a generally used means such 
as Duncombe's extraction method (Clin. Chim. Acta., 9, 
122-125 (1964)) or acyl-CoA synthetase (ACS)-acyl- 
CoA oxidase (ACOD) method in which ACS and 
ACOD are used. 

The Duncombe's extraction method comprises, in 
principle, converting fatty acids into copper salts using 
a copper reagent, extracting with chloroform and then 
subjecting the extract to color development with Bath- 
ocuproin. The method can be carried out easily using a 
kit such as NEFA-Test Wako ® (Wake Pure Chemical 
Industries, Ltd.) which contains Bathocuproin. 

On the other hand, the ACS-ACOD method com- 
prises, in principle, reacting fatty acids with acyl-CoA 
synthetase and acyl-Co A oxidase to generate H2O2 and 
exposing the thus formed H202by a color development 
scheme using oxidation>condensation reaction of a 
chromogenic substance in the presence of peroxidase. 
That method also can be carried out easily using a mea- 
suring kit such as NEFAOTest Wako ® (Wako Pure 
Chemical Industries^ Ltd.). 

Substances to be removed by the defatting method of 25 
the present invention are fatty acids and esters thereof 
which are derived from raw materials for HSA produc- 
tion, such as that derived from blood, a medium, a host 
or those secreted by the host 

Examples of fotty acids to be removed include satu- 
rated fatty acids having 8 to 20 carbon atoms, such as 
palmitic acid, stearic acid and the like, and unsaturated 
fatty acids having 16 to 20 carbon atoms, such as oleic 
acid, linoleic acid, arachidonic acid and the hke. 

Since this step is efTective for the removal of those 
fatty acids, it can be applied to the defatting of HSA 
molecules to which those fatty acids are attached, inde- 
pendent of the origin of the HSA, 
(4) Pharmaceutical preparation 

The HSA thus obtained may be made into pharma- 
ceutical preparations by generally known means such as 
10 hours of heat sterilization at 60' C, ultrafiltration, 
filter sterilization, dispensation, freeze-drying and the 
like. An illustrative example of the pharmaceutical 
preparation of the present invention is a liquid prepara- 45 
tion which contains HSA in an amount of 5 to 25%, has 
a pH of approximately 6.4 to 7.4 and has an osmotic 
pressure ratio of around 1. 

The HSA-containing pharmaceutical preparation of 
the instant invention may contain stabilizers which in- 
clude acetyltryptophan or a salt thereof (e.g., sodium 
salt) and sodium caprylate. Each stabilizer may be used 
in an amount of approximately 0.001 to 0.2M, prefera- 
bly 0.01 to 0.05M in a 25% HSA solution. The sodium 
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content may be 3.7 mg/ml or less. The HSA prepara- 55 free from coloration. 



HSA preparations. For example, it may be used for the 
purpose of rapidly increasing blood volume, mainly at 
the time of shock, supplementing circulation blood vol- 
ume, improving hypoproteinemia or maintaining coila* 
gen osmotic pressure. More illustratively, the HSA- 
containing pharmaceutical preparation of the present 
mvention can be used effectively for the treatment of 
hypoalbuminemia caused by the loss of albumin (bum 
injury, nephrotic syndrome or the like) or by the reduc- 
tion of albumin synthesizing abihty (hepatic cirrhosis or 
the like), as well as for the treatment of hemorrhagic 
shock and the like. 

The pharmaceutical preparation may be administered 
gradually by intravenous injection or intravenous drip 
infusion, with a dose of generally from 20 to 50 ml as a 
25% HSA solution (5 to 12.5 g as HSA) per one admin- 
istration for an adult. The dose may be changed option- 
ally depending on the age, symptoms, weight and the 
like of the patient Properties of the purified recombi- 
nant HSA. 
(5) Purified HSA 

The HSA of the instant invention is a homogeneous 
substance having a molecular weight of about 67,000 
and an isoelectric point of 4.6 to 5.0. The HSA consists 
of a monomer and contains substantially no dimers, 
polymers or decomposed products. In fact, the total 
content of dimers, polymers and hydrolyzed products is 
approximately 0.01% or less. 
Also, the HSA of the instant invention contams sub- 
30 stantially no producer host-derived contaminants, such 
as protein, polysaccharide and the like, which means 
contaminants having antigenecity detectable by immu- 
noassay such as EIA, RIA, PHA and so forth. Thus, the 
HSA of the instant invention contains substantially no 
host-derived contaminants having antigenecity detect- 
able by unmunoassay. In the case of a 25% HSA solu- 
tion, the protein content may be 1 ng/ml or below, 
preferably 0. 1 ng/ml or below, and the polysaccharide 
content may be 10 ng/ml or below, preferably 1 ng/ml 
or below. In that case, the purity of the HSA is calcu- 
lated to be 99.999999% or more, preferably 
99.9999999% or more. 

The degree of coloring of the 25% HSA solution may 
be in the range of from 0.01 to 0.05 in terms of an A35- 
0/A28O ratio, from 0.001 to 0.02 as an A450/A28O ratio 
and from 0.001 to 0.005 as an A500/A28O ratio. 

In addition, the amount of fatty acids linked to the 
HSA may be one molecule or less, preferably 0.1 mole- 
cule or less, per one HSA molecule. 

According to the instant invention, recombinant 
HSA can be purified efficiently. In addition, the instant 
invention can provide substantially pure recombinant 
HSA which does not contain producer host-related 
substances and other contaminants, and is sufficiently 
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tion may further contain pharmaceutically acceptable 
additives such as sodium chloride and the like. 

In general, the stabilizers may be added prior to the 
aforementioned preparation steps such as 10 hours of 
heat sterilization at 60' C, ultrafiltration, filter steriliza- 60 
tion, dispensation, freeze-drying and the like. There- 
fore, not only preservation stabihty of HSA but also its 
stability during the preparation process of the pharma- 
ceutical preparation of the instant invention can be 
improved. 65 

The HSA-containing pharmaceutical preparation 
thus obtained can be used clinically as injections in the 
same manner as the case of the prior art plasma-derived 



The following examples are provided to further illus- 
trate the instant invention. It is to be understood, how- 
ever, that the examples are not to limit the scope of the 
present invention. 

REFERENCE EXAMPLE 1 

(1) Used strain, Pichia pastoris GCPlOl 

A strain of Pichia pastoris, PC4130, obtained in accor- 
dance with the process disclosed in JP-A-2- 104290, was 
made by digesting a plasmid pPGPl, containing a tran- 
scription unit which is constructed so as to express HSA 
under the control of an AOXl promoter, with Ncol and 
then substituting the resulting Notl-digested fragment 
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for the AOXl gene region of a Pichia pastoris strain 
GTSl 15 (his4). The strain does not grow weU in a me- 
dium containing methanol as the carbon source (Mut~ 
Strain) because of the deletion of the AOXl gene. 

The strain PC4r30 was inoculated into 3 ml of YPD 
medium (1% yeast extract, 2% Bacto Peptone and 2% 
glucose). After 24 hours of culturing, the cells were 
inoculated into 50 ml of YPD medium so that the cell 
density should be adjusted to initial turbidity with an 
OD540 of 0.1. After 3 days of culturing at 30* C, the 
resulting cells again were inoculated into 50 ml of YPD 
medium at an initial cell turbidity of 0.1 at OD540- 
Thereafter, subculturing was repeated every 3 days in 
the same manner. After each subculturing, cells were 
diluted with sterile water and poured onto a 2% MeO- 
H— YNBw/oa.a. plate (0.7% Yeast Nitrogen Base 
without Amino Acids, 2% methanol and 1.5% agar 
powder) in an inoculum size of 10'' cells/plate, followed 
by 5 days of culturing at 30* C. to judge the present/ab- 
sence of colonies. Twenty colonies Were found on the 
2% McOH— YNBw/oa.a. plate after 12 days of the 
successive subculturing. Mut- strains can hardly grow 
on the 2% MeOH— YNBw/oa.a. medium while Muft- 
strains can grow well. That is, advent of a colony means 
that the strain acquired the capacity of increased metha> 
nol assimilation and thus a Mut+ strain was obtained. 
One of the thus obtained colonies was diluted appropri- 
ately with sterile water and spread onto a 2% MeO- 
H — YNBw/oa.a. plate to isolate single colonies. One of 
the resulting single colonies was named GrCPlOl. 
(2) Culturing of the strain 

(First seed culture) 

A 1 ml portion of the strain which had been frozen in 
glycerol was inoculated into a 1,000 ml baffled Erlen- 
meyer flask containing 200 ml of YPD medium (see 
Table 1) and cultured at 30** C. for 24 hours with shak- 
ing. 

TABLE 1 

Composition of YPD medium 
Components Concenuation (g/L) 



aqueous ammonia. For defoamation of the culture me- 
dium, an antifoam agent (Adecanol @, manufactured by 
Asahi Denka Kogyo K.K.) was added in an amount of 
0.30 ml/liter at the time of the commencement of the 
batch culture, thereafter adding a small amount vvhen 
required. 

TABLE 2 
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Composition of batch culture medium ' 


Compoaents 


Amount per liter 


Glycerol 


50.0 g 


H3PO4 (85%) 


14.0 ml 


CaS04.2H20 


0.6 g 


K2SO4 


9.5 g 


MgS04.7H20 


7.8 g 


KOH 


2,6 g 


Biotin solution *l 


1.6 ml 


YTM solution *2 


4.4 ml 


*1 Biotin solution: 0.2 g/1 




•2 YTM solution: 




Components Amount per liter 




FeSO4.7H20 65.0 g 




CUSO4.5H2O 6.0 s 




ZnS04.7H20 20.0 g 




MnS04.4-5H20 3.0 g 




H2SO4 5.0 ml 




TABLE 3 




Composition of feeding medium 


Components 


Amount 


YTM solution 


2 m] 


Methanol 


1,000 ml 
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Yeast extract 

Peptone 

Glucose 



10 
20 
20 



REFERENCE EXAMPLE 2 

An HSA expression plasmid pMM04>2 was con- 
structed using an AOX2 promoter (a mutant of tlie 
natural AOX2 promoter (YEAST, 5. 167-177, 19S8; 
Mol. Cell. Biol. 9, 1316-1323, 1989), in which the 255th 
base upstream from the initiation codon of said pro- 
moter is changed from T to C) isolated from the strain 
GCPlOl obtained in Reference Example 1. The thus 
constructed plasmid was introduced into Pichia pastoris 
GTS115 to obtain a transformant UHG42-3 (EP-A- 
506040). Thereafter, the thus obtained transformant wss 
cultured in accordance with the procedure of Refer- 
ence Example 1, thereby allowing the transformant to 
I)roduce HSA. 

EXAMPLE 1 

[i] Isolation of Culture Supernatant — Membrane 
Fractions (I) and (II) 

About an 800 liter portion of the culture broth ob- 
tained in Reference Example 1 was subjected to & filter 
press to isolate the culture supernatant The resulting 
supernatant subsequently was treated with an ultrafil- 
tration membrane having a molecular weight exclusive 
limit of 300,000. Then, the resulting filtrate was concen- 
trated to a volume of about 80 liters using an ultrafiltra- 
tion membrane having a molecular weight exclusive 
limit of 30,000 [membrane fraction (I)]. 

Next, the membrane fraction (I) was heat-treated at 
60° C. for 3 hours in the presence of 5 mM of sodium 
caprylate, 10 mM of cysteine and 100 mM of 
trolled using a computer in such a manner that methanol 65 aminoguanidine at pH 7.5. The thus heat-treated solu- 



(Second seed culture) 45 
The fu^t seed culture broth was inoculated into a 10 
liter-jar fermentor containing 5 liters of YPD medium, 
and the second seed culturing was carried out at 30* C. 
for 24 hours with agitation and at an aeration rate of 5 
liters per minutes. In the seed culturing, the pH of the 
medium was not controlled. 
(Main culture) 

The second SMd culture broth was transferred into a 
1,200 liter-fermentor containing 250 liters of a batch 
culture medium (see Table 2), and batch culturing was 55 
started with agitation and aeration under an internal 
pressure of 0.5 kg/cm^and at' a maximum aeration rate 
of 800 liter/min under atmospheric pressure. The agita- 
tion rate was controlled so that the level of dissolved 
oxygen in the medium was maintained at approximately 60 
50 to 30% of the saturated dissolved oxygen concentra- 
tion. When the glycerol in the batch culture medium 
was consumed, addition of a feeding medium (see Table 
3) was started. Feeding rate of the medium was con 



did not accumulate in the culture mediimi, thereby 
effecting a high density culturing. The medium pH was 
controlled at a fixed level of 5.85 by the addition of 28% 



tion was cooled down rapidly to about 15' C, adjusted 
to pH 4.5 and then treated with an ultrafiltration mem- 
brane having a molecular weight exclusive limit of 
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300,000 [membrane fraction (II)]. Thereafter, using an 
ultrafiltration membrane having a molecular weight 
exclusive limit of 30,000, the buffer in the resulting 
albumin solution was replaced by a 50 mM acetate 
buffer (pH 4.5) containing 50 mM of sodium chloride. 5 

[ii] Cation Exchanger Treatment 

The albumin solution obtained in the above step [i] 
was applied to a column packed with S-Sepharose@ 
which had been equilibrated in advance with a 50 mM 10 
acetate buffer (pH 4.S) containing 50 mM of sodium 
chloride, the column was washed thoroughly with the 
same buffer and then elution was carried out with a 
O.IM phosphate buffer 9) containing 0.3M sodium 
chloride. 15 

Polysacchande content before and after the cation 
exchanger treatment was measured in accordance with 
the phenolsulfuric acid method to fmd that the polysac- 
charide content has been reduced by 1/20 by this treat- 
ment 20 

[iii] Hydrophobic Chromatography 

The albumin solution eluied from the S-Sepharose (g) 
column was applied to a column packed with Phenyl 
CeUulofine ® which has been equilibrated in advance 25 
with a 50 mM phosphate buffer (pH 6.8) containing 
0.1 5M sodium chloride. Since albumin does not adsorb 
to Phenyl Cellulofine® under such conditions, the 
albumin fractions which passed through the column 
were collected. 30 

The albumin solution thus recovered was concen- 
trated to a volume of about 50 liters using an ultrafiltra- 
tion membrane having a molecular weight exclusive 
limit of 30,000, and at the same time, the buffer in the 
albumin solution was replaced by a SO mM phosphate 35 
buffer (pH 6.8). 

[iv] Anion Exchanger Treatment 

The albumin solution thus treated with hydrophobic 
chromatography, concentrated and buffer-exchanged in 40 
the above step [iii] was applied to a column packed with 
DEAE-Sepharose ® which had been equilibrated in 
advance with a 50 mM phosphate buffer (pH 6.8). 
Under such conditions, albumin was not adsorbed to the 
DEAE-Sepharose ® but passed through the column. 45 

[v] Salting-Out of HSA 

To a 5% HSA solution was added sodium chloride to 
a fmal concentration of IM. The resulting solution was 

adjusted to pH 3.5 with acetic acid to precipitate HSA, 50 0.01, respectively, which were almost the same as those 
and the thus precipitated HSA was separated from the 
supernatant fluid by centrifugation, thereby effecting 
removal of impurities. The albumin precipitate can be 



As shown in FIG. 1, the purified HSA preparation 
was found as a single peak of HSA monomer. 

[vii] Analysis of Yeast-Derived Components 

A culture supernatant of a yeast strain which does not 
produce albumin was partially purified in accordance 
with the purification process of the mstant invention, 
and separated into a protein fraction and a polysaccha- 
ride fraction. Rabbits were immunized with the protein 
fraction or the polysaccharide fraction. Using an antise- 
rum preparation obtained in that manner, detection of 
yeast-derived components in the purified albumin solu- 
tion was carried out by means of enzyme immunoassay 
(EIA). 

Results of the detection of yeast-derived components 
in a sample obtained after the salting-out step are shown 
in Table 4. The sample was subjected to the measure- 
ment after adjusting the albumin concentration to 250 
mg/ml. 

Total content of the yeast-derived proteins in the 250 
mg/ml albumin solution was found to be 1,360 ng/ml in 
the case of a sample obtained after treatment by the 
hydrophobic chromatography and was 5.4 ng/ml in an 
anion exchanger-treated sample, thus showing reduc- 
tion of the total content to a level of 1/250 by the latter 
purification step. In addition, the yeast-derived proteins 
were not detected in the purified sample obtained after 
the salting-out step at a detection lunit. 

[viii] Properties of the Purified HSA 

(1) Molecular weight 

Measurement of molecular weight was carried out in 
accordance with the aforementioned HPLC gel filtra- 
tion procedure. Molecular weight of the purified HSA 
of the present invention was foimd to be about 67,000, 
which was almost the same as that of the plasma- 
derived HSA. 

(2) Isoelectric point 

Isoelectric point was measured by polyacrylamide 
gel electrophoresis, for example, using phastsystem (g) 
(Pharmacia). Isoelectric point of the purified HSA of 
the present invention was found to be about 4.9, which 
was almost the same as that of plasma-derived HSA. 

(3) Coloring degree 

Absorbances at 280 nm, 350 nm and 450 nm were 
measured, and coloring degrees were calculated as an 
A35o/A2«o ratio and an A450/A28O ratio. The A350/A280 
ratio and the A450/A28O ratio of the purified HSA of the 
instant invention were found to be about 0.02 and about 



of plasma-derived HSA. 

EXAMPLE 2 



used as an injection by dissolving it in a liquid, concen- 
trating and buffer-exchanging the thus dissolved solu- 
tion using an ultrafiltration membrane having a molecu- 
lar weight exclusive limit of 30,000, adding a stabilizing 
agent to the thus treated solution if necessary, and then 
subjecting the resulting solution to filter sterilization. 

[vi] HPLC Analysis of Purified HSA 

The HSA preparation obtained after the purification 
step by hydrophobic chromatography was analyzed by 
means of HPLC gel filtration under the following con- 
ditions. 

(a) Column: TSK gel G3000S WxL ® CTosoh Corp.) 

(b) Eluent: 0.3M NaCl/50 mM phosphate buffer 

(c) Detection; absorbance at 280 nm 



The culture broth obtained in Reference Example 2 
55 was treated in the same manner as the procedures de- 
scribed in Example 1. Properties of the thus purified 
HSA were almost the same as those of the purified HSA 
disclosed in Example 1, in terms of molecular weight, 
isoelectric point and coloring degree, as well as poly- 
60 saccharide content, gel filtration pattern and content of 
yeast-derived components. 

EXAMPLE 3 

A 1 ml portion of the 25% solution of purified HSA 
65 obtained in Example 1 was mixed with 1 g of DIAION 
CRB02® (a chelate resin having a styrene-divinylben- 
zene copolymer as the carrier portion and an N-methyl- 
glucamine group as the ligand portion, manufactured by 
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Mitsubishi Kasei Corp.), and the resulting mixture was 
stirred for 24 hours at room temperature at pH 6.8 and 
ionic strength of 5 mmho. The resin then was washed 
with distilled water to recover the non-absorbed frac- 
tion. Thereafter, the thus purified HSA was assessed for 
the properties as set forth in Example 1. Molecular 
weight, isoelectric point and gel filtration pattern of the 
thus obtained HSA were the same as those of the HSA 
obtained in Example 1. 
(1) Analysis of yeast-derived components 

Results of the detection of yeast-derived components 
in the 25% HSA solution by EIA, together with the 
r^ults of Example 1, are shown in Table 4. 

TABLE 4 

Results of the detection of yeast-derived components 

Protein Polysaccharide 
content content 
Sample (HSA purity) (HSA purity) 
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Anion exchmger treatment 
(steps 0) to (iv) of 
Ex. 1) 

Salting-out treatment 
(steps (i) to (v) of 
Ex. 1) 

Steps © to (iv) of 
Ex. I and chelate resin 



S.4 ng/ml 
(99.99999784%) 

<0.1 ng/ml 
(99.99999996%) 

Not measured 



40 ng/ml 



4 ng/ml 
(99.9999984%) 

4 ng/ml 
(99,9999984%) 



EXAMPLE 4 

The culture broth obtained in Reference Example 2 
was treated in the same manner as in Example 1. Prop- 
erties of the 25% solution of thus purified HSA were 
almost the same as those disclosed in Examples 1 and 3, 
in terms of molecular weight, isoelectric point, coloring 
degree, gel filtration pattern and content of yezst- 
derived components. 

EXAMPLE 5 

The 25% solution of the HSA obtained in Example 3 
was checked for absorbances at 280 nm and 500 nm. In 
that case, the coloring degree was calculated as an A50. 
15 0/A28O ratio. In addition, other HSA samples were pre- 
pared by repeating the process of Example 3, e;;cept 
that DIAION CR20(g) (Mitsubishi Kasei Corp.) or 
LEWATIT TP214 ® (Bayer) was used instead of DI- 
AION CRB02 (g), and the absorbances were measured 
20 to calculate coloring degrees. The results are shown in 
Table 5. As controls, several HSA samples were pre- 
pared using carriers other than the chelate resin of the 
present invention, as well as other types of cation e:> 
changer, anion exchanger and hydrophobic chromatog- 
25 raphy carrier, with the results also shown in Table 5. 

TABLE 5 



Coloring degree 
Resin 



C&mcx 



Ligand 



Trade name 



Colorins* 



Invention 

Styrene-divinyl 
benzene copolymer 
Styrene-divinyl 
benzene copolymer 
Styrene-divinyl 
benzene copolymer 
Control 

Styrene-divinyl 
benzene copolymer 
Agarose 



N-methylgluc- DIAION CRB02 (g) 

amine group (Mitsubishi) 
-NH(CH2CH2NH)flH DIAION CR20 © 
(Mitsubishi) 



— NHCSNH2 



DEAE 



iminodiacetic 
acid 



Anion exchanger 
Hydrophobic chromatography 



LEWATIT TP214( 
(Bayer) 

DEAE-Toyopearl <i 
(Tosoh) 
Chelating- 
Sepharose (g) 
(Pharmacia) 
DEAE Sepharose (S 
(Pharmacia) 
Phenyl 

Cellulofme (g) 
(Pharmacia) 



0.2 
0.2 
0.2 

0.5 
0.8 

0.6 
0.6 



Note (•): Coloring degree in an ODjoo/OD2so rzuo which waa defined as 1.0 in the case of the purified 
HSA obuined through Reference Example 1 and Example 1. 



treatment 

Steps (i) to (v) of <0.1 ng/ml < 1 ng/ml 

Ex. 1 and chclete resin (99.99999996%) (99.9999996%) 50 

treatmeat 



(2) Coloring degree 

Absorbances at 280 nm, 350 nm, 450 nm and 500 nm 
were measured, and coloring degrees were calculated 55 
as an A350/A280 ratio, an A450/A280 ratio and an A50. 
0/A280 ratio. The A350/A28O ratio, the A450/A28O ratio 
and the AS00/A28O ratio of the HSA of the instant inven- 
tion were found to be about 0.02, about 0.01 and about 
0.002, respectively, which were almost the same as 60 
those of plasma-derived HSA. 

(3) Linked fatty acid content 

Measurement was carried out using NFEA-Test 
Wako(D (Wako Pure Chemical Industries, Ltd.). The 
linked fatty acid content was about 1.6 moles (per mole 65 
of HSA) before the chelate resin treatment but was 
sharply reduced by that treatment to 0.037 mole per 
moie of HSA. 



EXAMPLE 6 

Measuring Wave Length 

Absorbance of the 25% solution of HSA obtained in 
Example 3 was measured at wave lengths of from 350 
nm to 650 nm. Decreasing degrees of absorbance were 
found. The lowest ratio was found at a wave length of 
500 nm. The results are shown in Table 6. 

TABLE 6 

Decreasing degree of absorbance 



Decreasing ratio (%) 



A350/A280 


57 


A400/A280 


37 


A430/A280 


25 


A500/A280 


20 


A550/A2SO 


34 


A600/A280 


54 


A65O/A280 


56 




Stardnfi material: 100% 
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PVAMPT F 7 patterns, the elution profile of recombinant albumin was 

consistent with that of plasma albumin. 
The process of Example 3 was repeated except that To examine the higher structure of recombinant albu- 
DIAION CR20@ (Mitsubishi Kasei Corp.) was used min, the CD spectrum of albumin was measured. The 
instead of the chelate resin DIAION CRB02 ® n the S CD spectrum of recombinant albumin was identical in 
treatment step using 1 ml of the 25% recombinant HSA the shape and magnitude to that of plasma albumin in 
solution. The DIAION CR20®is a chelate resin hav- the region of 350 nm to 195 nm. 
ing a — NH(CH2CH2NH)«H group as the ligand at- Biological Characterization 

tached to a styrene-divinylbenzene copolymer carrier. One of the most important biological functions of 
When the thus recovered HSA was checked for linked 10 albumin is ligand binding. Albumin binds various mate- 
fatty acids, similar results to those of the case of Exam- rials. The binding abUities of albumin to three typical 
pie 6 were obtained. materials were examined. Bilirubin was selected to rep- 

EXAMPLE 8 resent pigment. Warfarin was used to represent drugs 

_ ^ ^ , ^ , and lauric acid to represent to fatty acids. The binding 

T ^ except that 15 ^f those three materials was analyzed using a Scatchard 

LEWATIT T^l^® (Bayer) ^ ^ "^t^ad of the ^^^^ the number of bind- 

chelate resm D^ON CRB02 ®m the treatment step ^ ^f those three materials to recombinant albu- 

^^t'^p/m^ ^ of plasma albumin. 

TIT TP214 ®is a chelate resm havmg a -NHCSNHa ^^^^ ^^^^^ ^o albuiL are shown in 

group as a ligand attached to the styrene-divmylben- 20 j as an examole 

zene copolymer carrier. When the thus recovered HSA a * u • t?tJ-. \ r ^ ^ 

..,oc r>hlr.viA /x^ r«** 1 u * As shown m FIG. 2, bmdmg curve of recombmant 

was cnecked for linked fatty acids, smiilar results to «_ • • ^ . . - ,** 

thr^^ r.f tu^ ^oc« t:^.^^\J A J albuHun was consistent with plasma albumm, 

those 01 tne case oi Hxample 6 were obtamed. ^, ^ , . - , . 

The results that bmdmg afnmties of recombmant 

EXAMPLE 9 25 ^^'^'^ with those ligands were almost similar to those 

of plasma albumin indicate the biological equivalency 
Antibodies against the yeast components were pre- between both albumins, 
pared to detect impurities of yeast components at a high iT^e-Climcal Study 

level of sensitivity. After culturing non-albumin pro- Prehmmary data was collected durmg a pre-chmcal 
ducing yeast, yeast components were partially purified 30 ^^^^ conducted in animals. The half life of recombi- 
from the culture supernatant and separated into a pro- albumm in dog blood was almost identical to that 

tein fraction and a polysaccharide fraction. Each frac- plasma albumin (recombinant albumm; 6.3±0.5 day, 
tion was used to immunize rabbits to obtain an antibody Plasma albumin; 6.0±0.7 day), 
against the protein fraction and an antibody against the following hemodynamic parameters were tested 

polysaccharide fraction. An EIA was developed using 35 ^^B^'- blood pressure; central venous pressure; puhno- 
these antibodies. In EIA system, the detection limit of artery pressure; cardiac output; blood gas; respira- 

proteins and polysaccharides were 0.1 ng/ml and 1 *^on; and electrocardiogram. At doses of 0.5 and 1.5 
ng/ml, respectively. In purified recombinant HSA ob- t^e same results were obtained for recombmant 

tained in Example 3, at a concentration of 250 mg/ml, albumin as for plasma albumin. 

no yeast components were detected using this EIA 40 The results of a pyrogen test usmg rabbits showed no 
system. That is, the contents of yeast-derived proteins temperature rise up to a dose of 2.5 g/kg. 
and polysaccharides in purified recombinant albumin at An acute toxicity test of recombinant albumin dem- 
a concentration of 25% were less than 0. 1 ng/ml and onstrated no toxicity in monkeys and rats up to a dosage 
less that 1 ng/ml, respectively. In other words, the of 12.5 g/kg. 
purity of recombinant albumin was greater than 45 PYAK^rPTPtn 
99.999999%. Contaminated DNA was assayed by the UAAiwri-r, lu 

threshold method as described in Science, 240, 1182 In an appropriate volume of distilled water for injec- 
(1988). In purified recombinant albumin, no DNA was ^on were dissolved 5 g of the yeast-derived HSA ob- 
detected in a 2 ml extract of a 25% albumin solution. tained in Example 1, 107.3 mg of acetyltryptophan so- 
Because the detection limit of this system was 4 pg/2 ml 50 dium salt and 66.5 mg of sodium caprylate to obtain 20 
of 25% albiunin, the amount of the contaminating DNA ml of a pharmaceutical preparation containing 25% 
was less than that value. Pyrogens were measured using HSA. The resulting pharmaceutical preparation con- 
a reagent kit, Endospacy (Seikagaku Corp.). The pyro- sisted of 25% HSA, 0.02M acetyltryptophan sodium 
gen content was less than 0.1 £U/ml of 25% recombi- salt and 0.02M sodium caprylate. The sodiiun chloride 
nant albumin, a sufHcientiy low level. In the pyrogen SS content was found to be 3.7 mg/ml, the pH was 7.0 and 
test using rabbits, there was no temperature rise up to a the osmotic pressure was about 1, as a ratio against 
dosage of 2.5 grams per kilogram. physiologic saline. 

Composition and Structure mpt c 1 1 

To ascertain the composition and structure of recom- nAAMri-tj 1 1 

binant albumin, amino add analysis was conducted and 60 Preservation stability of the HSA-containing pharma- 
the CD spectrum was measured. The amino acid com- ceutical preparation obtained in Example 10 was exam- 
position and N and C terminal sequence of recombinant ined. Determination of dimers (molectdar weight distri- 
albumin were identical to those of plasma albumin. bution) was carried out by gel filtration analysis, color- 
Those results were consistent with the sequence of the ing degree by absorbance analysis (A350/A280) and pol- 
c-DNA. Peptide mapping of recombinant albumin was 65 ymers or decomposed products by electrophoresis 
carried out. Albumin was degradated by lysylendopept- (SDS-PAGE). The results are shown in Tables 7 and 8. 
iase, then each peptide was separated by reverse-phase According to the instant invention, gelation of HSA did 
HPLC. As a result of comparing the peptide mapping not occur. The content of dimers increased gradually 
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when maintained at 40' Q, but polymers or decom- 
posed products were not found. 

TABLE 7 



ScxJium acetyl 


Sodium Before 


After 


IncreaS' 


tryptophan 


caprylate NaCI preser* 


preser- 


ing ratio 


(M) 


(M) (mg/ml) vatton 


vation 


(fold) 




{ColoruiR desree. A550/A280) 






0 


0 . 0 0.0236 


a0277 


1.17 


0.02 


0.02 3.7 0.0250 


0.0261 


1.04 




(Dimer content, %) 






0 


0 0 0.021 


0.036 




0.02 


0.02 3.7 0.021 


0.020 




TABLE 8 


Accelerated preservation test at 40* C. for 3 months 




(Dimer content, %) 






Sodium acetyl 


Sodium Before 






tryptophan 


caprylate NaCl preser- 




After 


(M) 


(M) (mg/ml) vation 


preservation 


0 


0 0 0.018 


0.052 


or more 


0.02 


0.02 3.7 0.018 


0.036 
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While the instant invention 
detail and with reference to 
thereof, it will be apparent to one skilled in the art that 
various changes and modiflcations can be made therein 
without departing from the spirit and scope thereof. 

What is claimed is: 

1. A process for producing a recombinant human 
serum albumin comprising the steps of: 

(1) treating a culture supernatant of a host which 
expresses human serum albumin, with a first ultra- 
filtration membrane having a molecular weight 35 
exclusive limit of from 100,0(X) to 500,000 and then 
with a second ultrafiltration membrane having a 
molecular weight exclusive limit of from 1,000 to 
50,000 to yield a first filtrate; 

(2) heat-treating the first filtrate at 50" to 70' C. for 30 40 
minutes to 5 hours to yield a heated sample; 

(3) acid-treating the heated sample at a pH of from 3 
to 5 to yield an acid-treated sample; 

(4) treating the acid-treated sample using an ultrafil- 
tration membrane having a molecular weight ex- 
clusive limit of from 100,000 to 500,000 to yield a 
second filtrate; 

(5) exposing the second filtrate to a cation exchanger 
at a pH of 3 to 5 and a salt concentration of 0.01 to 
0.2M, and then exposing said cation exchanger to a 
pH of 8 to 10 and a salt concentration of 0.2 to 
O.SM to yield a first eluate; 

(6) allowing the first eluate to contact with a carrier 
for hydrophobic chromatography at a pH of 6 to 8 
and a salt concentration of 0.01 to 0.5M, and recov- 
ering non-adsorbed fractions to yield a second 
eluate; and 

(7) allowing the second eluate to contact with an 
anion exchanger at a pH of 6 to 8 and a salt concen- 
tration of 0.01 to O.IM, and recovering non- 60 
adsorbed fractions to yield said albumin. 

2. The process for producing human serum albumin 
according to claim 1 further comprising a salt precipita- 
tion step following step (5), step (6) or step (7), said salt 
precipitation step comprising exposing said first eluate, 
said second eluate or said albumin to a pH of 3 to 5 and 
a salt concentration of 0.1 to 3M to yield a precipitate 
and dissolving said precipitate in a buffer. 
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3. The process for producing human serum elbuvnin 
according to claim 1 further comprising exposing szid 
albumin of step (7) to a chelate resin and recovering 
non-adsorbed fractions to yield albumin. 

4. The process for producing human serxim albumin 
according to claim 3, wherein said chelate resin has an 
exchange group as a ligand which is capable of under- 
going chelate formation selected from the group con- 
sisting of a polyol group, a polyamine group and a thio- 
urea group. 

5. The process for producing human serum albumrn 
according to claim 3, wherein said albumin of step (7) is 
exposed to the chelate resin at a pH 3 to 9 and at an ionic 
strength of 50 mmho or less. 

6. The process for producing human serum albumin 
according to claim 1, wherein said heat-treating step (2) 
is carried out in the presence of a compound selected 
from the group consisting of acetyltryptophan, an or- 
ganic carboxylic acid and organic carboxylic acid salt. 

7. The process for producing human serum albumin 
according to claim 1, wherein said heat-treating step (2) 
is carried out in the presence of a thiol compound. 

8. The process for producing human serum albumin 
according to claim 1, wherein said heat-treating step (2) 
is carried out in the presence of aminoguanidine. 

9. A process for producing a recombinant human 
serum albumin comprising the steps of: 

(1) treating a culture supernatant of a host which 
expresses human serum albumin, with a first ultra- 
filtration membrane having a molecular weight 
exclusive limit of from 100,000 to 500,000 and then 
with a second ultrafiltration membrane having a 
molecular weight exclusive limit of from 1,000 to 
50,000 to yield a first filtrate; 

(2) heat-treating the first fdtrate at 50° to 70' C. for 30 
minutes to 5 hours to yield a heated sample; 

(3) acid-treating the heated sample at a pH of from 3 
to 5 to yield an acid-treated sample; 

(4) treating the acid-treated sample using an ultrafil- 
tration membrane having a molecular weight ex- 
clusive limit of from 100,000 to 500,000 to yield z 
second filtrate; 

(5) exposing the second fdtrate to a cation exchanger 
at a pH of 3 to 5 and a salt concentration of 0.01 to 
0.2M, and then exposing said cation exchanger to £ 
pH of 8 to 10 and a salt concentration of 0.2 to 
0.5M to yield a first eluate; 

(6) allowing the first eluate to contact with a carrier 
for hydrophobic chromatography at a pH of 6 to G 
and a salt concentration of 1 to 3M, and then e::pos- 
ing said carrier to a salt concentration of 0.01 to 
0.5M, and recovering non-adsorbed fractions to 
yield a second eluate; and 

(7) allowing the second eluate to contact with zii 
anion exchanger at a pH of 6 to 8 and a salt concen- 
tration of 0.01 to O.IM, and recovering non- 
adsorbed fractions to yield said albumin. 

10. A process for producing a recombinant human 
serum albumin comprising the steps of: 

(1) treating a culture supernatant of a host which 
expresses human serum albumin, with a first ultra- 
filtration membrane having a molecular weight 
exclusive limit of from 100,000 to 500,000 and then 
with a second ultrafiltration membrane having a 
molecular weight exclusive limit of from 1,003 to 
50,000 to yield a first filtrate; 

(2) heat-treating the first filtrate at 50' to 70" C. for 30 
minutes to 5 hours to yield a heated sample; 



(3) acid-treating the heated sample at a pH of from 3 
to S to yield an acid-treated sample; 

(4) treating the acid-treated sample using an ultrafil- 
tration membrane having a molecular weight ex- 
clusive limit of from 100,000 to 500,000 to yield a ^ 
second filtrate; 

(5) exposing the second filtrate to a cation exchanger 
at a pH of to 5 and a salt concentration of 0.01 to 
0.2M, and then exposing said cation exchanger to a lo 
pH of 8 to 10 and a salt concentration of 0.2 to 
0.5M to yield a first eluate; 



22 

(6) allowing the first eluate to contact with a carrier 
for hydrophobic chromatography at a pH of 6 to 8 
and a salt concentration of 0.01 to 0.SM, and recov- 
ering non-adsorbed fractions to yield a second 
eluat^ and 

(7) allowing the second eluate to contact with an 
anion exchanger at a pH of 6 to 8 and a salt concen- 
tration of 0.001 to 0.05M, and then exposing the 
anion exchanger to a pH 6 to 8 and a salt concentra- 
tion of 0.05 to O.IM, and recovering non-adsorbed 
fractions to yield said albumin. 

* « « ♦ * 
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The budding yeast Pichia pastoris is an attractive system for exploring certain questions in cell biology, but 
experimental use of this organism has been limited by a lack of convenient expression vectors. Here we describe a set 
of compact vectors that should allow for the expression of a wide range of endogenous or foreign genes in P. pastoris, 
A gene of interest is inserted into a modified pUC19 polylinker; targeted integration into the genome then results in 
stable and uniform expression of this gene. The utility of these vectors was illustrated by expressing the bacterial 
p-glucuronidase (GUS) gene. Constitutive GUS expression was obtained with the strong GAP promoter or the 
moderate YPTl promoter. The regulatable AOXl promoter yielded very strong GUS expression in methanol-grown 
cells, negligible expression in glucose-grown cells, and intermediate expression in mannitol-grown cells. GenBank 
Accession Numbers are: pIBl. AF027958: pIB2. AF027959; pIB3, AF027960: pIB4, AF027961. © 1998 John Wiley 
& Sons. Ltd. 

Yeast 14: 783-790. 1998. 

KEY WORDS — Pichia pastoris. expression vectors; gene regulation 



INTRODUCTION 

During the past decade. Pichia pastoris has been 
exploited by biotechnologists for the high-level 
production of foreign proteins (Romanos et al, 
1992; Gregg et al, 1993). P. pastoris can utilize 
methanol as a carbon source, and growth on 
methanol results in strong induction of the peroxi- 
somal enzyme alcohol oxidase (Gleeson and 
Sudbery, 1988). The major alcohol oxidase iso- 
zyme is encoded by the AOXJ gene (Cregg et al., 
1989). Vectors containing the AOXJ promoter 
have been widely used for the regulated over- 
production of cytosolic and secreted proteins 

♦Correspondence to: B. S. Click, Department of Molecular 
Genetics and Cell Biology. University of Chicago, 920 East 
58th Street, Chicago. IL 60637. USA. Tel: (+1) 773 702 5315: 
fax: (+1) 773 702 3172; e-mail: bsglick@midway.uchicago.edu 

CCC 0749-503X/98/080783-08 $17.50 
© 1998 John Wiley & Sons. Ltd. 



(Romanos et al.. 1992; Cregg et al.. 1993; Scorer 
et al. 1994). Recently, the glyceraldehyde-3- 
phosphate dehydrogenase {GAPj promoter has 
also been employed for the strong constitutive 
expression of foreign genes (Water ham et al.. 
1997). 

As an experimental organism, P. pastoris shares 
many of the advantages of Saccharomyces cerevi- 
siae. including mating and sporulation, transfor- 
mation with integrating or replicating vectors, and 
gene replacement by homologous recombination 
(Gregg et al, 1985; Gregg and Madden. 1987; 
Gleeson and Sudbery. 1988; Gould et al.. 1992; 
Crane and Gould. 1994). Cell biologists initially 
became interested in P. pastoris because it provides 
a convenient system for studying peroxisome 
biogenesis (Gould et al. 1992; Liu et al. 1992). 
The recent major advances in this field have 
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derived largely from genetic studies of P. pastoris 
and other budding yeasts (Erdmann et al, 1997). 
R pastoris is also being used for a genetic analysis 
of autophagy (Tuttle and Dunn, 1995). We have 
chosen P. pastoris as a model system to study 
the organization of the transitional endoplasmic 
reticulum and Golgi apparatus, because unlike 
5. cerevisiae, P. pastoris has coherent Golgi stacks 
located next to discrete sites of transitional ER 
(Gould et aL, 1992; Click, 1996; O.W.R and 
B.S.G., in preparation). 

An essential tool for yeast cell biology is vectors 
for the expression of endogenous or foreign genes 
(Schneider and Guarente, 1991). Expression vec- 
tors have been developed for P. pastoris (Cregg 
et al. 1993; Scorer et ai, 1994; Waterham et aL 
1997). but many of them are cumbersome to use 
because of large size and/or a limited number of 
restriction sites for subcloning. Here we describe a 
set of compact expression vectors that contain a 
pUC19-derived polylinker for the insertion of 
cloned genes. Because P. pastoris CEN sequences 
are not yet available for generating stable episomal 
plasmids, we created vectors that can be integrated 
into the chromosomal HIS4 locus (Romanos etal., 
1992). The targeted integration of these vectors is 
very efficient, and correct integrants can be ident- 
ified by a simple polymerase chain reaction (PCR) 
assay. 

Different vectors were designed to allow for 
either constitutive or regulated gene expression. 
Strong constitutive expression can be obtained 
with the G^P promoter, and moderate constitutive 
expression with the promoter from the YPTl gene, 
which encodes a small GTPase involved in secre- 
tion (Segev etal, 1988). Regulated expression can 
be obtained with the AOXl promoter. In the past, 
use of the AOXl promoter has yielded expression 
levels that were either very high (on methanol) or 
very low (on glucose or other carbon sources) 
(Tschopp et aL 1987; Waterham et aL, 1997), 
However, we have found that growing cells on 
mannitol results in an intermediate level of expres- 
sion from the AOXl promoter. Together, these 
expression vectors provide a versatile tool for the 
experimental manipulation of P. pastoris. 



MATERIALS AND METHODS 

General methods 

Standard procedures were used for recombinant 
DNA manipulations (Ausubel et aL, 1995). The 

© 1998 John Wiley & Sons. Ltd. 



PCR was carried out with a Perkin-Elmer 2400 
PCR machine using either Pfu or Taq2000 
DNA polymerase (Stratagene. La Jolla. CA) 
according to the manufacturer's instructions. 
Automated fluorescent DNA sequencing was 
performed by the dye terminator method using an 
Applied Biosystems Prism 377 machine. Unless 
otherwise indicated, all chemicals were purchased 
from Sigma (St Louis. MO) or Fisher Scientific 
(Pittsburgh. PA), 

Yeast growth media were as follows. YPD: 1% 
yeast extract. 2% peptone. 2% glucose, 20mg/l 
adenine sulfate. 20 mg/1 uracil, SD - His: 0-67% 
yeast nitrogen base. 2% glucose, complete supple- 
ment mixture minus histidine (CSM-His; Bio 
101. Vista. CA). SYD: 0-67% yeast nitrogen 
base, 0-05% yeast extract. 0-4 mg/1 biotin. 40 mg/1 
arginine hydrochloride, 2% glucose. SYG, SYM 
and SYN were similar to SYD except that 
instead of glucose they contained 1% glycerol, 
0-5% methanol or 2% mannitol, respectively. 

Plasmid construction 

A modified version of the P. pastoris HIS4 gene 
(Cregg et aL, 1985; Crane and Gould. 1994) was 
created as follows. pYM22, a kind gift of Jim 
Cregg. contained a HIS4 gene in which the internal 
BamHl site had been removed (Cregg and 
Madden, 1987). This mutant gene was subcloned 
as an EcdRl-BanMl fragment into pUC19 
(Yanisch-Perron et aL, 1985) to yield pUC19- 
HIS4. Next, a 612-bp internal fragment of HIS4 
was amplified by PCR from pYM22 with Pfu 
polymerase using the primers GCACCCTTACC 
CCAGAAGTCATCT and GTGCCGGAGGAG 
TAATCTCCACAA. The amplified fragment was 
cloned into pUC19-HIS4 that had been digested 
with Kpnl and blunt-ended with T4 DNA polym- 
erase. The resulting plasmid. pUC19-HIS4*, 
contains two point mutations that eliminate 
the Kpnl sites in HIS4 without altering the 
corresponding amino acids, 

pIBl was constructed as follows. First, the 
complementary oligonucleotides GATCCACTA 
GTCTCGAGCTGCA and GCTCGAGACTAG 
TG were annealed, and the resulting double- 
stranded fragment was inserted into pUC19 that 
had been digested with BamHl and Pstl. In the 
resulting plasmid, termed pUC19-SX. the Xbal 
and SaK sites in the polylinker were replaced with 
Spel and Xhol sites, respectively. Next, a 260-bp 
fragment containing the transcription terminator 
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of P. pastoris AOXl (Koutz et aL 1989) was 
amplified by PGR from pPIC3K (Scorer et aL 
1994) with Pfu polymerase using the primers 
GCCGTCGCCAAGCTTCTTAGACATGACTG 
TTCCTCAGTTC and GGGACATGTGTGGG 
AAATACCAAGAAAAACATC. The PGR prod- 
uct was digested with Hindlll and Afflll and 
inserted into pUC19-SX that had been cut with the 
same enzymes, yielding pUClQ-SX-AOXTT. 
Finally, the modified HIS4 gene from pUC19- 
HIS4* was excised with BgAl, blunt-ended with 
Klenow enzyme, and subcloned into pUC19-SX- 
AOXTT that had been digested with Sspl, yielding 
pIBl. Sequencing confirmed that no undesired 
mutations had been introduced into the polylinker 
or AOXl transcription terminator portions of 
pIBl. 

pIB2 was constructed as follows. The promoter 
of the P. pastoris GAP gene was excised from 
pHWOlO (Waterham et aL, 1997) by digesting 
with BstYl and blunt-ending with Klenow enzyme, 
then digesting with EcoRl. This fragment was 
subcloned into pIBl that had been digested 
with Afctel, blunt-ended with Klenow enzyme, and 
digested with EcoRl. 

pIB3 was constructed as follows. A 504-bp 
fragment containing the promoter of the P. pas- 
ton's YPTl gene (LB.S. and B.S.G.. unpublished 
data) was amplified by PGR from plasmid DNA 
with Pfu polymerase using the primers CGAG 
GCATACATATGATGAGTCACAATCTGCTT 
CCA and GTGAATTCGACTGCTATTATCT 
CTGTGTGTA. The PGR product was digested 
with Ndel and EcoRl and cloned into pIBl that 
had been digested with the same enzymes. 

pIB4 was constructed as follows. The promoter 
of the P. pastoris AOXl gene was excised from 
pHIL-D2 (Despreaux and Manning. 1993) by 
digesting with Sad and blunt-ending with T4 
DNA polymerase, then digesting with EcoRl. This 
fragment was subcloned into pIBl that had been 
digested with Ndel, blunt-ended with Klenow 
enzyme, and digested with EcoRl. 

The P-glucuronidase (GUS) gene was excised 
from pBIlOl (Clontech. Palo Alto, CA) by digest- 
ing with Sad blunt-ending with T4 DNA 
polymerase, and digesting with BawHl. This frag- 
ment was subcloned into pIB2, pIB3, and pIB4 
after digestion with Xhol, blunt-ending with 
Klenow enzyme, and digestion with BamHl, The 
resulting constructs (pIB2-GUS. pIB3-GUS and 
pIB4-GUS) were linearized with Sail and 
integrated into the HIS4 locus as described below. 

© 1998 John Wiley & Sons, Ltd. 



Transformation of P. pastoris by electroporation 

This procedure was adapted from the method of 
Becker and Guarente (1991). A 50-ml culture of 
PPY12, a his4 arg4 auxotrophic strain of P. pas- 
toris (Gould et aL, 1992). was grown in YPD at 
30'C with good aeration to an ODgoo of 1-2. 
The culture was then supplemented with 1 ml of 
1-OM-Na-^-HEPES, pH8-0 and 1ml of 1-0 m- 
DTT, and incubation was continued for an 
additional 15min at 30'C. The cells were trans- 
ferred to a chilled 50-ml Falcon tube, centrifuged 
for 3 min at 2000 g (3000 rpm) in a tabletop cen- 
trifuge at 4°C. and resuspended in 50 ml ice-cold 
double-distilled H2O. This H2O wash step was 
repeated, followed by a wash with 20 ml cold 
1-0 M-sorbitol. Finally, the cells were resuspended 
in 200^1 cold 10 M-sorbitol. A 40-^1 aliquot of 
yeast cells was mixed with 0-1-1 ng DNA in <5 ^1 
of a low-salt solution. This mixture was transferred 
to a chilled electroporation cuvette (0-2 cm gap) 
and pulsed with a Bio-Rad Gene Pulser set at 
1-5 kV, 25 nF, 200 ohms (time constant ^5ms). 
The cell suspension was immediately diluted with 
1 ml of cold 10 M-sorbitol and transferred to a 
1-5-ml centrifuge tube. After centrifugation for 
1 min at 2000 g (5000 rpm) in a microfuge at room 
temperature, the upper 800^1 of liquid was 
removed and the cells were gently resuspended in 
the remaining volume. Finally, the cells were 
spread on SD - His plates supplemented with 
10 M-sorbitol, and the plates were incubated at 
30'C for 2-3 days until colonies appeared. 

Integration ofpIB vector constructs into the HIS4 
locus 

Two \ig of a pIB vector (with or without an 
insert in the polylinker) was digested with either 
SaK or Stul, ethanol-precipitated, washed twice 
with cold 70% ethanol, and resuspended in 10^1 
H2O. For transformation, 2-5 ^I (0-5 |ig) of linear- 
ized DNA was used in an electroporation. Six 
separate transformants were colony-purified by 
restreaking on SD - His plates. Genomic DNA 
was then isolated from each transformant using a 
small-scale Easy DNA preparation (Invitrogen, 
Carlsbad, CA) according to the manufacturer's 
instructions. For each 50-^1 PGR reaction. 0-25 |il 
('^0-5 ^g) of genomic DNA was added to a 
mixture containing PCR buffer. 200 hm of each 
dNTP. 0-5 ^iM each of the primers GCTGTT 
AAGGTTCGTATGGAGAAAC (sense) and GT 
GTAGTCTTGAGAAATTCTGAAG (antisense). 
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and 0-25 ^1 of Taq2000DNA polymerase that had 
been preincubated with 0-25 |il of TaqStart anti- 
body (Clontech. Palo Alto, CA). The PGR mix- 
tures were incubated for 2 min at followed 
by 30 cycles of: denaturation, 10 s at 94*C; anneal- 
ing, 30 s at 55"C; elongation at 68X. The elonga- 
tion time was 40 s per kilobase of expected 
amplified product, with an increment of 20 s per 
cycle during cycles 11-30. The reactions were 
terminated by a 7-min incubation at GBX followed 
by a hold of 4X. Twenty ^il of each reaction 
mixture was analysed on an agarose gel. As a 
positive control, a parallel PGR amplification was 
performed using 10 ng of the starting pIB vector in 
place of genomic DNA. 

Measurement of promoter activities using GUS as 
a reporter gene 

Yeast strains transformed with pIB2, pIB2- 
GUS. pIB3-GUS or pIB4-GUS were grown as 
precultures in 5 ml of YPD in a 15-ml Falcon tube 
for 24 h at WC. These precultures could be stored 
at 4°C for up to a month. Aliquots of the precul- 
tures were diluted into 50 ml of medium using 
the following dilutions: SYD, 1:50.000; SYG, 
1:15.000; SYM, 1:1000; SYN, 1:1000, These cul- 
tures were grown at 30X with good aeration for 
approximately 20 h to an ODqoo of 0-4-0-6. Cells 
were harvested by centrifugation for 3 min at 
1000^ (2000 rpm) in a tabletop centrifuge and 
resuspended in 2 ml of freshly-made extraction 
buffer: 50 mM-sodium phosphate, pH 7-0, 10 mM- 
(3-mercaptoethanol. 5 mM-EDTA, 0-1% Triton 
X-100, 0-25 mM-phenylmethylsulfonyl fluoride, 
1 nM-pepstatin. The suspension was transferred to 
a 15-ml Falcon tube and cooled on ice. Acid- 
washed glass beads (0-5 mm diameter) were added 
to give a total volume of 3 ml. The mixture was 
vortexed for 30 s at top speed, then cooled on ice 
for 30 s. This procedure was repeated five times in 
total, followed by centrifugation for 3 min at 
1000^ at 4"C. The supernatant was then centri- 
fuged for 15 min at 100.000^ (50.000 rpm) in a 
Beckman Optima TLX ultracentrifuge at 4''C. The 
clarified supernatant was divided into 200-^1 aliq- 
uots, which were frozen in liquid and stored at 
-SO^'C, One aliquot was used to measure the 
protein concentration using the Bio-Rad Protein 
Assay (Bio-Rad, Hercules, CA) with bovine serum 
albumin as a standard; protein concentrations in 
the cell extracts ranged from 0-3 to 11 mg/ml. 

For GUS assays, cell extracts were either left 
undiluted or else diluted 5- to 300-fold in extrac- 
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tion buffer, depending upon the amount of GUS 
present. Enzyme activity was measured by a 
fluorometric assay (Gallagher, 1992). A substrate 
solution of 2-5 mM-4-methylumbelliferyl p-D- 
glucuronide was prepared in extraction buffer 
lacking protease inhibitors. Forty ^il of diluted or 
undiluted extract was added to 160 ^1 of substrate 
solution, and the tube was transferred to a 
37°C water bath. After 5, 10 and 15 min, 50-^x1 
aliquots were transferred to tubes containing 2 ml 
0-2M-Na2CO3 (stop buffer). A zero-minute time 
point was obtained by adding 10 ^1 of extract to a 
tube containing 2 ml of stop bulTer and 40 jil of 
substrate solution. Fluorescence was measured on 
a Perkin-Elmer LS 50 luminescence spectrometer 
using an excitation wavelength of 365 nm. an 
emission wavelength of 460 nm and a slit width of 
5 0 nm. The fluorescence values were translated 
into pmol of 4-methylumbelliferone product 
based on the signal obtained with known 
amounts of this compound. Enzymatic activity 
was then calculated with the KaleidaGraph 
program (Synergy Software. Reading, PA) by 
fitting the time course results to a straight line and 
determining the slope. 

RESULTS AND DISCUSSION 

Features of the pIB vectors 

Figure 1 shows a diagram of pIBl. This plasmid 
was derived from the common cloning vector 
pUC19 by (a) inserting a modified P. pastoris 
HIS4 gene, and (b) placing the transcription ter- 
minator region from AOXl immediately down- 
stream of the polylinker. Because HIS4 contains 
both Xbal and SaK sites, these two sites in the 
polylinker were replaced with compatible Spel and 
Xhol sites, respectively. pIBl is a useful vector 
for expressing genes containing endogenous 
promoters that function in P. pastoris. 

The expression vectors pIB2, pIB3 and pIB4 
were derived from pIBl by placing the promoters 
from the P. pastoris genes for glyceraldehyde-3- 
phosphate dehydrogenase [GAP, Waterham era/., 
1997). YPTl (I.B.S. and B.S.G., unpublished data) 
or alcohol oxidase (AOXl\ Koutz et al., 1989). 
respectively, immediately upstream of the 
polylinker (Figure 1; Table 1). A gene inserted into 
the polylinker of one of these vectors will be 
expressed under control of the adjacent promoter. 
The presence of the AOXJ transcription termin- 
ator ensures that the 3'-end of the transcript will be 
processed correctly (Koutz ef a/.. 1989), 
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^1 



SphI 
I HindU) 

b*attcgacctcsgtaccc6cccatccactactctcgacctsc/ggc*tgc*acctt 

CTTAASCTCGAGCCATGGGCCCCTAGCTCATCAGACCTCCACGTCCGTACGTTCCAA 



pvnHlppel Xhol ^stl 



Figure 1. Structures of the pIB vectors and sequence of the polylinker. Unique restriction sites are indicated. pIB2. pIB3 and 
pIB4 were derived from pIBl by inserting the appropriate promoters between the Ndel and EcoRl sites. In all cases the EcoRl 
site was preserved; the Ndel site was preserved in pIB3 but destroyed in pIB2 and pIB4. The Sad site is no longer unique in pIB3. 
and the HMIU site is no longer unique in pIB4. Note that the Sphl recognition sequence contains an ATG triplet, so the 5'-end 
of an open reading frame must be inserted into pIB2. pIBS or pIB4 upstream of the Sphl site. AOX TT. transcription terminator 
from P. pastoris AOXl; ORI. ColEl origin of replication; Ap. P-lactamase gene conferring ampicillin resistance; H1S4. P. pastoris 
HIS4\ P-GAP, promoter from P. pastoris GAR P-YPTl, promoter from P. pastoris YPT1\ P-AOXl, promoter from P. pastoris 
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Table 1. Properties of the pIB vectors 

Plasmid Size GenBank Promoter 

name (bp) accession no. Promoter characteristics 



pIBl 5270 AF027958 (None) 

pIB2 5546 AF027959 GAP 

pIB3 5565 AF027960 YPTI 

pIB4 5796 AF027961 AOXI 



Strong constitutive 
Moderate constitutive 

Very strong on methanol; strong on mannitol; 
weak on glycerol: off on glucose 



For integration into the P, pastoris genome, a 
construct is linearized by digestion within the 
HIS4 locus (Rothstein, 1991; Romanos et aJ., 
1992). The SaR and Stul sites are available for this 
purpose. (If a gene of interest contains both SaR 
and Stul sites, it should still be possible to generate 
a linearized plasmid by partial digestion with 
one of these enzymes.) The linearized plasmid is 
transformed into a histidine auxotroph that con- 
tains point mutations in the chromosomal HIS4 
gene. Transformants are then selected on plates 
lacking histidine. 

Assessment of correct integration 

If a linearized pIB construct integrates into the 
P. pastoris genome outside of the HIS4 locus, the 
strain will remain unable to grow in the absence of 
histidine because the plasmid-borne HIS4 gene has 
been interrupted. Only integrants that insert cor- 
recdy will regenerate a functional fJIS4 gene. 
However, even in the absence of integration, a 
functional chromosomal copy of HIS4 could be 
generated by a gene conversion event in which the 
plasmid-borne sequences act as donor (Rothstein, 
1991). To determine whether a transformant has 
correctly integrated the pIB construct, we prepare 
genomic DNA and perform a PCR reation, using a 
sense primer that hybridizes near the 3'-end of 
I-IIS4 and an antisense primer that hybridizes near 
the 5'-end of HIS4 (see Materials and Methods). 
An amplified product will be obtained only if an 
integration event has generated two nearby copies 
of HIS4. The size of this product will be approxi- 
mately 3 kb (the size of the pIB vector minus the 
size of HIS4) plus the size of the gene inserted into 
the polylinker. Using this method, we have readily 
detected integration with inserted genes as large as 
6-5 kb (not shown). 

In our experience using different pIB vectors and 
various inserted genes, we consistently find that 



about 50% of the transformants contain correct 
integrations (not shown). Thus, analysis of six 
independent transformants normally yields at least 
one positive clone. 

Because integration of a pIB construct generates 
two copies of HIS4, the integrated plasmid might 
occasionally be excised from the chromosome via 
homologous recombination (Rothstein, 1991; 
Romanos et al, 1992). In practice, however, we 
have not observed such instability. For example, 
when a strain expressing an epitope-tagged protein 
was examined by immunofluorescence, the cells 
exhibited uniform staining, even if the culture had 
been grown in non-selective YPD medium (not 
shown). 

Measurement of promoter activities 

The P-glucuronidase (GUS) gene from Escher- 
icfiia coll has proven to be a useful reporter for 
measuring promoter activity in a variety of organ- 
isms (Gallagher. 1992), including the budding 
yeasts S. cerevisae and Yarrowia lipolytica 
(Marathe and McEwen, 1995; Bauer et aL, 1993). 
Neither of these yeasts shows significant levels of 
endogenous GUS activity. Similarly, we observed 
a very low background signal in GUS assays with 
extracts from pIB2-transformed P, pastoris cells 
(Table 2 legend). However, when a pIB2-GUS 
construct was integrated into the P. pastoris 
genome, enzyme activity was observed (Table 2). 
The specific activity of GUS expressed from the 
GAP promoter in P. pastoris was comparable to 
the activity reported for galactose-grown 5. cerevi- 
siae cells expressing GUS from the strong GALl 
promoter (Marathe and McEwen, 1995). When 
GUS was expressed in P. pastoris from the YPTi 
promoter present in pIB3, a weaker but still sig- 
nificant enzyme activity was detected (Table 2). 
Expression levels from the YPTI promoter were 
about 10- to 100-fold lower than those from the 
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Table 2. Activities of the various promoters in cells 
grown on difTerent carbon sources 





Carbon 


GUS 


Integrated piasmid 


source 


activity 


pIB2-GUS (Cf/lP promoter) 


Glucose 


70-4 




Glycerol 


48-8 




Methanol 


113 




Mannitol 


188 


pIB3-GUS {YPTI promoter) 


Glucose 


0-63 




Glycerol 


084 




Methanol 


045 




Mannitol 


1-67 


pIB4-GUS (AOXJ promoter) 


Glucose 


005 




Glycerol 


034 




Methanol 


5876 




Mannitol 


203 



As described in Materials and Methods, extracts from cells 
transformed with the indicated plasmids were assayed for GUS 
activity, which is given in units of pmol 4-methylumbelliferone 
produced per min per cellular protein. Activities represent 
the means from two separate experiments. To measure back- 
ground GUS activity in the cells, extracts were prepared from a 
strain transformed with the empty pIB2 vector. The following 
background values were subtracted from the numbers shown: 
glucose, 0 03; glycerol. 0 02; methanol. 0 08; mannitol, 0 02. 



GAP pronioter. Therefore, pIB3 should be useful 
for expressing genes that would be toxic when 
overexpressed. 

As previously reported (Waterham et aL, 1997), 
the GAP promoter was constitutively active on 
various carbon sources (Table 2). The YPTI pro- 
moter was also constitutively active (Table 2), as 
would be expected given the important role of 
Yptlp in the operation of the secretory pathway 
(Segev et al, 1988), In contrast, expression from 
the AOXl promoter present in pIB4 was strongly 
regulated by the carbon source. Very high levels of 
GUS activity were observed in methanol-grown 
cells, but virtually no activity was detectable in 
glucose-grown cells (Table 2). These data are con- 
sistent with previous reports that the AOXI pro- 
moter is strongly induced by methanol and 
repressed by glucose (Tschopp et aL 1987). 
In glycerol-grown cells, the AOXl promoter 
drove a low but measurable level of GUS 
expression (Table 2). Low-level expression from 
the AOXl promoter has also been observed on 
oleic acid-grown cells (Waterham et aL, 1997). 

Although massive overexpression from the 
methanol-induced AOXl promoter is desirable for 
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biotechnology, such strong expression is often a 
disadvantage for cell biology experiments. In 5. 
cerevisiae the GALl promoter is strongly induced 
by galactose and repressed by glucose, but inter- 
mediate expression levels are observed in cells 
grown on raffinose (Johnston et ai, 1994). Simi- 
larly, when P. pastoris cells were grown on manni- 
tol. GUS expression from the AOXl promoter 
was approximately 30-fold lower than in 
methanol-grown cells (Table 2). Thus, mannitol 
appears to be a useful carbon source for obtaining 
an intermediate level of expression from the AOXl 
promoter. 

It was recently reported that the GAP promoter 
is similar in strength to the methanol-induced 
AOXl promoter (Waterham et aL 1997). How- 
ever, we found that GUS expression from the 
AOXl promoter in methanol-grown cells was 
about eight-fold higher than expression from the 
GAP promoter in glucose-grown cells (Table 2). 
This result fits with the observation that alcohol 
oxidase can comprise up to 30% of the total 
protein in methanol-grown P. pastoris cells 
(Couderc and Baratti, 1980). The difference 
between our data and those from the earlier study 
may be due to the use of different reporter genes 
(GUS versus (3-lactamase), or may reflect the 
use of a different polylinker for inserting cloned 
genes. 

In conclusion, we have created a series of 
integrating vectors that allow for stable, uniform 
expression of cloned genes in P. pastoris. By choos- 
ing the appropriate promoter and carbon source, 
one can obtain various levels of constitutive or 
regulated expression. Promoter activities can be 
quantified using the GUS reporter gene. These 
techniques will facilitate the use of P. pastoris as a 
model organism for cell biology. 

The set of four pIB vectors is available free of 
charge upon request. 
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Abstract 



We report the cloning and sequence of the glyceraldehyde-3-phosphate dehydrogenase gene {GAP) from the yeast Pichia pastoris. 
The gene is predicted to encode a 35.4-kDa protein with significant sequence similarity to glyceraldehyde-3-phosphate dehydroge- 
nases from other organisms. Promoter studies in P. pastoris using bacterial P-lactamase as a reporter showed that the GAP 
promoter {Pgap) is constitutively expressed, although its strength varies depending on the carbon source used for cell growth. 
Expression of P-lactamase under control of Pq^p in glucose-grown cells was significantly higher than under control of the 
commonly employed alcohol oxidase 1 promoter (Paoxi) in methanol-grown cells. As an example of the use of Pgap^ we showed 
that P-lactamase synthesized under transcriptional control of Pq^p is correctly targeted to peroxisomes by addition of either a 
carboxy-terminal or an amino-terminal peroxisomal targeting signal. Pqap has been successfully utilized for synthesis of 
heterologous proteins from bacterial, yeast, insect and mammalian origins, and therefore is an attractive alternative to Paoxi in 
P. pastoris. 

Keywords: Heterologous gene expression; Expression vector; ^-Lactamase reporter; Peroxisomal protein import; Yeast 



1. Introduction 

Pichia pastoris is a budding yeast exploited for aca- 
demic and commercial purposes. The yeast is a com- 
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Abbreviations: amp, E. coU gene encoding p-lactamasc; AOX, alcohol 
oxidase; A OX I, P. pastoris gene encoding alcohol oxidase I; bla, modi- 
fied amp gene; bp. base pair(s); CPT, mammalian cDNA encoding a 
carnitine palmitoyUransferase; E., Escherichia; CAP, P. pastoris gene 
encoding glyceraldchydc-3-phosphate dehydrogenase; GAPDH, glyc- 
eraldehyde-3-phosphate dehydrogenase; gMDH, watermelon cDNA 
encoding glyoxysomal malate dehydrogenase; //., Hansenulai HIS4, P. 
pastoris gene encoding histidinol dehydrogenase; kb. kilobase(s) or 
1000 bp; kDa, kilodalton; NAD, nicotinamide-adenine dinucleotide; 
OD, optical density; P.. Pichia\ p, plasmid; P, promoter; PAFI, 
mammalian cDNA encoding peroxisome assembly factor- 1; P£/?, 
peroxisome biogenesis gene; PTS, peroxisomal targeting signal; 5., 
Saccharomyces\ T, terminator of transcription; TDH, S. cerevisiae gene 
encoding a glyceraldehyde-3-phosphaie dehydrogenase. 



monly employed host system for the production of 
heterologous proteins (Cregg ct al., 1993). In this system, 
foreign genes arc typically expressed under control of the 
P. pastoris alcohol oxidase 1 promoter (Paoxi)- Paoxi 
is tightly regulated by a carbon source-dependent 
repression/induction mechanism; i.e., its expression is 
fully repressed during growth of the yeast on glucose or 
glycerol, and maximally induced during growth on meth- 
anol (Tschopp et al., 1987). A major advantage of this 
tight regulation is that foreign genes whose products are 
toxic to the cell can be readily introduced and main- 
tained in P. pastoris by culturing the yeast under repress- 
ing growth conditions to prevent selection of 
nonexpressing strains. However, for production of cer- 
tain heterologous proteins the use of methanol for 
induction may be inappropiiate or inconvenient. In such 
cases, a strong constitutive promoter may be a practical 
alternative. 

For academic research, P. pastoris has evolved as a 
major model organism to study the molecular mecha- 
nisms involved in peroxisome biogenesis (Subramani, 
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1993; Waterham and Cregg, 1997), Peroxisomes are 
ubiquitous eukaryotic organelles which in P. pastoris 
cells are massively induced when the yeast is grown on 
the carbon sources methanol or oleic acid (Gould et al,, 
1992; Liu et al., 1992). As a tool for certain experiments 
in our studies on peroxisome biogenesis, we needed a 
strong promoter which would constitutively express 
genes in P, pastoris under both peroxisome-inducing 
and non-inducing growth conditions. 

In this paper, we report the isolation and sequence of 
the P. pastoris glyceraldehyde-3-phosphate dehydroge- 
nase gene {GAP), We show that its promoter, Pqap^ 
constitutively expresses genes in P. pastoris cells grown 
on glucose, glycerol, methanol, or oleic acid. In addition, 
we show that bacterial p-lactamase expressed under 
transcriptional control of Pqj^^p can be used as a suitable 
reporter protein to study peroxisomal protein import in 
P. pastoris. 



2. Results and discussion 

2. /. Isolation of the GAP gene 

Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) is a tetrameric NAD-binding enzyme 
involved in glycolysis and gluconeogenesis and is often 
expressed constitutively and at high levels. The P. pas- 
toris GAP gene was isolated from a P, pastoris genomic 
DNA library (Cregg et al., 1985) by colony hybridization 
(Sambrook et al., 1989) using as a hybridization probe 
a 2,1-kb HindWl fragment containing TDH3, one of 
the three genes of Saccharomyces cerevisiae encoding 
GAPDH (Holland and Holland, 1979; Musti et al., 
1983; McAllister and Holland, 1985b). Several genomic 
clones were isolated which had overlapping restriction 
patterns. Hie approximate location of the GAP gene 
was determined by Southern blot analysis of restriction 
fragments from the genomic clones using the S. cerevis- 
iae TDH3 gene as a hybridization probe. Selected restric- 
tion fragments were subcloned and sequenced in both 
directions using the dideoxy chain termination method 
of Sanger et al. (1977). 

2.2. Sequence analysis of the GAP gene and its product 

The DNA sequence of a 1.87-kb genomic fragment 
was determined starting from a BamWl site located 
493 bp upstream from the translation initiation ATG 
and revealed an open reading frame of 999 bases with 
the potential to encode a polypeptide of 333 amino acids 
with a calculated mass of 35.4 kDa (Fig. 1). Southern 
blot analysis of P. pastoris genomic DNA using part of 
this 1,87-kb fragment (not shown) or the S. cerevisiae 
TDH3 gene (Fig. 2A) as a hybridization probe indicated 
that the P. pastoris genome contains only one GAP 



gene, in contrast to the S. cerevisiae genome which 
contains three genes (Fig. 2A; McAllister and Holland, 
1985b). 

The predicted primary sequence revealed several struc- 
tural features characteristic of GAPDHs, including a 
NAD-binding domain (amino acid residues 1-147) and 
conserved amino acid residues Cys^^\ His*''® and 
Lys*®^ that are thought to be involved in catalysis (Olsen 
et al., 1975). The residues surrounding the active 
site residue Cys*^^ namely Ala-Ser-Cys^^^-Thr-Thr- 
Asn-Cys-Leu, exactly matched the consensus sequence 
that is conserved in both prokaryotic and eukaryotic 
GAPDHs, 

As expected, the primary sequence showed a high 
degree of similarity to eukaryotic and prokaryotic 
GAPDHs listed in the protein databases. The highest 
level of similarity was observed with the 5. cerevisiae 
TDHf TDH3 (both 80% identical) and TDH2 genes 
(79% identical). 

Northern blot analysis of total RNA isolated from P, 
pastoris cells grown on glucose, glycerol or methanol 
using a G>4 /'-specific hybridization probe indicated that 
the GAP gene is constitutively transcribed on all three 
carbon sources, although the mRNA levels varied 
depending on the carbon source. Highest mRNA levels 
were observed in glucose-grown cells. In glycerol-grown 
cells, levels were approximately two-thirds and in metha- 
nol-grown cells approximately one-third of the levels 
observed in glucose-grown cells (Fig. 2B). 

2.3. Construction of a FQ^p-controlled expression vector 

To enable expression of genes under the transcrip- 
tional control of Pcap. a 0.95-kb EcoRl-Bglll P^oxi 
fragment from the P. pastoris-Escherichia coli shuttle 
vector pHIL-Al (Invitrogen, San Diego, CA, USA) was 
replaced with a 0.5-kb EcoKl-BamHl Pqj^p fragment 
(Fig. 3). This Pq^p fragment was generated by amplifi- 
cation via the polymerase chain reaction using as 
5'-primer 5'-GCAGCGGATCCTTTTTTGTAG-3' and 
as 3'-primer 5'-AAGAATTCTTGATAGTTGTTC- 
AATTG-3'. The 3 -primer was designed to introduce an 
EcoKl site immediately 5' of the translation initiation 
ATG of GAP (Fig, 1). The resulting vector, named 
pHWOlO, is composed of the origin of replication and 
the ampicillin resistance gene {amp) from E, coli vector 
pBR322, the P. pastoris HIS4 gene (Cregg et al., 1985), 
and the P. pastoris AO XI transcription termination 
sequence separated from Pqap by a unique EcoKi site 
(Fig. 3). The vector is suitable for targeted integration 
into the genomic HIS4 or P^^p loci of P. pastoris. 

2 A, Analysis ofFcj^p and comparison to Paoxi 

To compare the relative strengths of Pqap ^nd 
Paoxi* a 1.23-kb Pstl fragment from vector pPIC9K 
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-493 ggatccttttttgtagaaa 

-474 tgtcttggtgtcctcgtccaatcaggtagccatctctgaaatatctggctccgttgcaactccgaacgacctgctggca 

-395 acgtaaaattctccggggtaaaacttaaatgtggagtaatggaaccagaaacgtctcttcccttctctctccttccacc 

-316 gcccgttaccgtccctaggaaattttactctgctggagagcttcttctacggcccccttgcagcaatgctcttcccagc 

-237 attacgttgcgggtaaaacggaagtcgtgtacccgacctagcagcccagggatggaaaagtcccggccgtcgctggcaa 

- 15 8 taatagcgggcggacgcatgtcatgagattattggaaaccaccagaatcgaatataaaaggcgaacacctttcccaatt 

-79 ttggtttctcctgacccaaagactttaaatttaatttatttgtccctatttcaatcaattgaacaactatcaaaacaca 
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102 6 aaattcgaaaatttcattatggctgtatctactttagcgtattaggcatttgagcattggcttgaacaatgcgggctgt 

1105 agtgtgtcaccaaagaaaccattcgggttcggatctggaagtcctcatcacgtgatgccgatctcgtgtattttatttt 

1184 cagataacacctgaagacttttgggtcggaggactggctctttccgatcaaattggaatggaaaattgctcctctaata 

1263 aaggggtgcccaacactctttgtaacacaggacacgtttattgctaactcgattgcattctttcctttcccacaaccgg 

1342 atctggtctggtgacatctctcctgtccttatctaaa 



Fig. 1. Nucleotide and deduced amino acid sequences of P. pastoris GAP. The sequence data are available from EMBL/GenBank/DDBJ under 
accession number U62648. 
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Fig. 2. (A) Southern blot analysis of genomic DNA isolated from S. 
cerevisiae (lane \) or P. pasioris (lanes 2 and 3) using as a probe a 
2.1-kb fragment containing the S. cerevisiae TDH3 gene. Methods: 
Genomic DNA isolated from S. cerevisiae {X^lhq 1, 0.5 ^g) or P. pastoris 
(lanes 2 and 3, 1.0 jig) was digested with //iwdlll (lanes 1 and 2) or 
EcoKl (lane 3), transferred to nitrocellulose, and hybridized in the 
presence of 50% formamide to a S. cerevisiae TDHS-speci^c probe as 
described by Sambrook et al. (1989). (B) Northern blot analysis of 
total RNA from P. pastoris cells grown on different carbon sources 
using a GAP-speci&c probe. Methods: Total RNA was isolated from 
P. pastoris GSl 15 cells grown at 30*C in yeast nitrogen base medium 
supplemented with 50 mg/ml histidine using as carbon source 2% glu- 
cose (lane 1), 2% glycerol (lane 2), or 0.5% methanol (lane 3). Equal 
amounts of RNA (lOng) were separated by formaldehyde-agarose 
electrophoresis, transferred to nitrocellulose and hybridized to a probe 
prepared from a 700-bp Sail GAP fragment which encodes amino acids 
91 through 324 from P. pastoris GAPDH (Fig. 1) as described by 
Sambrook et a]. (1989). 



containing the kanamycin resistance gene (Invitrogen, 
San Diego, CA) was first inserted into the Pstl site of 
the amp gene of vectors pHIL-Al and pHWOlO, result- 
ing in vectors pHW08 and pHW09, respectively 
( Fig. 3 ) . This insertion completely abolished 
P-lactamase activity derived from the amp gene in both 
E. coli and P. pastoris. As a reporter, a modified 
P-lactamase gene from E. coli (bla) was subcloned 
as a 0.83-kb £coRI-///rtdin"*"°^ fragment into 
£c<?RI-.4^eI'""^^-digested pHW08 and pHW09 to 
make vectors pHWOlS {PAoxrbla), and pHW019 
i^CAp-b^^) (Fig. 3). The modification involved the 
removal of the amino-terminal secretion signal of 
p-lactamase to generate a reporter protein which remains 
cytoplasmic (Fig. 3). After linearization of both vectors 
with San which is uniquely present in the HIS4 gene, 
the vectors were integrated into the genomic HIS4 locus 



of P. pastoris strain GS115 {his4) by electrolransforma- 
tion (Becker and Guarente, 1991). Transformants were 
selected and analyzed by Southern hybridization to 
screen for ones containing a single copy of the vectors 
properly inserted at the HIS4 loci (not shown), 

Transformants containing pHWOlS or pHW019 
were grown in yeast nitrogen base medium supplied 
with either glucose, glycerol, methanol or oleic acid as 
sole carbon source. Oleic acid was included in this study 
because it is a commonly used carbon source to induce 
peroxisomes in P. pastoris (see below). Cells were har- 
vested at the same density during mid-exponential 
growth phase (00^00= 10), and crude extracts were 
prepared and assayed for p-lactamase activity (Table 1 ). 
Samples were also examined on immunoblots using anti- 
p-lactamase antibodies to confirm that activity levels 
reflected the concentration of P-lactamase protein (not 
shown). As expected from the Northern blot analysis 
(Fig. 2B), P-lactamase was constitutively expressed 
under control of PcAPf although its level varied signifi- 
cantly depending on the carbon source used for growth. 
The expression level was highest in glucose-grown cells 
and lowest in methanol-grown cells. P-Lactamase activ- 
ity levels measured in extracts from cells grown on 
glucose, glycerol and methanol were generally propor- 
tional to those for GAPDH activity in the same extracts. 
However, in oleic acid-grown cells, P-lactamase activity 
was considerably lower than expected from the GAPDH 
activity measured in the same cells. The reason for this 
difference is unknown but could be due to the presence 
of additional regulatory sequences for response to oleic 
acid located 5' or 3' of the Pq^p fragment used in 
these studies. 

The regulation of Paoxi was previously described by 
Tschopp et al. (1987) using P-galactosidase as reporter. 
This study indicated that Paoxi is subject to 
repression/induction regulation; i.e., in glucose- and 
glycerol-grown cells Paoxi is fully repressed, whereas in 
methanol-grown cells the promoter is maximally 
induced. These findings were confirmed in our study 
using p-lactamase as a reporter, although extremely low 
levels of expression were detected on glucose and 
glycerol. /*^o;fi-expression was low in extracts from oleic 
acid-grown cells and highest in extracts from methanol- 
grown cells (Table 1). A low level of expression from 
^Aoxi in oleic acid-grown cells has also been observed 
using firefly luciferase as a reporter (Spong and 
Subramani, 1993; Waterham et al., 1996). 

Interestingly, F^^p-con trolled expression of bia in 
glucose-grown cells was significantly higher than 
Paox I'^oniroWtd expression of bla in methanol-grown 
cells. In addition, P^/ip-controlled expression of bla 
in glycerol-grown cells was approximately equal to 
^^oxi-controUed expression of bla in methanol-grown 
cells (Table 1). 
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Fig. 3. Physical maps of selected vectors used in this study. Methods: The Po^p-con trolled expression vector pHWOlO was obtained from the 
/'^ojri-controlled expression vector pHIL-Al (Inviirogen) by replacing the EcoRUBglll P^axi fragment with an EcoRUBamH} P^^p fragment 
generated by amplification by the polymerase chain reaction. For reporter studies, the amp genes from pHIL-Al and pHWOlO were disrupted by 
insertion at their Pstl sites of a Psd fragment from pPlC9K (Invitrogen) containing the kanamycin resistance gene to make vectors PHW08 and 
PHW09 (not shown). As a reporter for promoter studies, a modified amp gene (designated bia) encoding P-iactamase amino acids His" through 
Trp"* (Sutcliffe, 1978) preceded by Met-Ser-Giy (Waterham et al., 1994) was inserted as an EcoRl-Hindlll^^'*^'^ fragment at the 
EcoKUAgel^'''^ sites of pHW08 and pHW09 to make vectors pHWOlS and pHW019. As a reporter for PTSl protein import, the 3'-end of 
the H. polymorpha PERI gene encoding Perlp amino acids Asn^^ through Leu"® was ligated in reading frame to the 3'-end of the bla gene 
encoding p-lactaraase amino acids His" through Trp^* (Sutcliffe, 1978) preceded by Met-Ser-Gly as described previously (Waterham et al., 1994). 
The resulting construct was inserted as an £roRI-//mdIII'^"*^ fragment at the EcoRX-Agei^^""^ site of pHW09 to make vector pHWO20. As a 
reporter for PTS2 protein import, the 5'-end of the watermelon malate dehydrogenase gene encoding amino acids Met* through Met^* (GietJ, 
1990) was amplified by the polymerase chain reaction and ligated in reading frame to the 5'-end of the hla gene encoding ^lactamase amino acids 
His" through Trp^^ (Sutcliffe, 1978), The resulting construct was inserted as an fcoRl-Z/wdlll^^'**''' fragment at the £coRl-/ig^l site of 
pHW09 to make vector pHW02I. 



2.5. Use o/Fqj^p in a peroxisomal protein import study 

Peroxisomal proteins are encoded by nuclear genes 
and post-translationally imported into the organelles 
(Subramani, 1993; Waterham and Cregg. 1997). Two 



different peroxisomal targeting signals (PTS) have been 
identified that are responsible for correct delivery of 
most matrix proteins to the organelles. The first, PTSl, 
is a tripeptide with the consensus sequence Ser/Ala/Cys- 
Lys/Arg/His-Leu/Met found at the extreme carboxy 
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Table I 

P-Lactamase, GAPDH and AOX activities in total extracts of P. 
pastoris transformed with pHWOlS {PAoxr^la) and pHW0l9" 
(^GAr^io) and grown on selected carbon sources'* 



Construct Carbon Enzyme activities'' 



P-Lactamase GAPDH AOX 



^Aoxr^lo Glucose 0.6(0.08%) 5.8(100%) 0.0(0%) 

Glycerol 0.5(0.06%) 4.5(78%) 0.0(0%) 

Oleic acid 1.3 (0.2%) 6,9 ( 1 19%) 0.7 (0.09%) 

Methanol 770.0 ( 100%) 2.0 ( 34%) 800.0 ( 1 00%) 

PoAP'^ia Glucose 1100.0(100%) 6.6(100%) 0.0(0%) 

Glycerol 800.0 (73%) 4.6(70%) 0.0(0%) 

Oleic acid 500.0 (45%) 6.5 (98%) 1.2 (0.2) 

Methanol 400.0 (36%) 3.6 (55%) 800.0 ( 1 00%) 



"Vectors pHWOIS (P^o;rrControlled P-lactamase expression) and 
pHW019 (Pcv<?-«ontrollcd p-lactamase expression) were linearized 
with Sail and integrated into the genomic HIS4 locus of P. pastoris 
strain GS115. 

^'Ceils were grown in shake flasks at 30°C in yeast nitrogen base 
medium using as carbon source 0.5% glucose, 0.5% glycerol, 0.5% 
methanol or 0.2% oleic acid plus 0.05% Tween 40. 
^Protein extracts were prepared from cells harvested at OD6oo=1.0 
using glass beads (Waterham et al., 1992). Protein concentrations 
were determined with the Pierce bicinchoninic acid protein assay kit 
(Rockford, IL, USA). AOX activity, expressed in nmol/mg per min 
(Verduyn et al., 1984) and GAPDH activity, expressed in mmol/mg 
per min (McAllister and Holland, 1985a) were assayed at SO'^C. 
p-Lactamase activity, expressed as nmol/mg per min, was assayed 
speclrophotometrically ai 569 nm and WC in 25 mM Tris-HCI 
(pH7.5) using 10 mM 7-(thienyl-2-acetamido)-3-[2-(4-A^,iV-dimethy- 
laminophenylazo) pyridinium-methy) ]-3-cephem-4-carboxyIic acid 
(Calbiochem, La Jolla, CA. USA) as substrate (extinction coefficient 
44.403 cm'^ M ■*). Activities represent the mean of two experiments. 

terminus of many peroxisomal matrix proteins (de Hoop 
and AB, 1992). The second, PTS2, has the consensus 
sequence Arg/Lys-Leu/Ile-Xxxs-His/Gln-Leu/Ala and is 
located near the amino terminus of a few peroxisomal 
proteins (Faber et al., 1995), including thiolase and 
watermelon glyoxysomal malate dehydrogenase (Gietl 
et al., 1994). To facilitate our studies on peroxisomal 
protein import in P. pastoris, we constructed two vectors 
using the modified P-lactamase as a reporter fused to 
either a PTSl or a PTS2 sequence and expressed under 
control of Pgaf- P-Lactamase was chosen as a reporter 
because of the availability of a sensitive assay for its 
activity and specific antibodies against the protein, both 
of which facilitate its detection, and because it has been 
successfully used for this purpose in the related yeast 
Hansenula polymorpha (Waterham et al., 1994). 

As a source for a PTSl sequence, the 3'-end of the 
H. polymorpha PERI gene (Waterham et al., 1994) was 
ligated in reading frame to the 3'-end of the modified 
bla gene and inserted into vector pHW09 to make 
vector pHWO20 (Fig. 3). Expression of this construct 
under control of Pq^p resulted in a p-lactamase-PTSl 
hybrid protein composed of P-lactamase and the nine 
carboxy-terminal amino acids of Perlp, which termi- 



nates with the established PTSl motif Ala-Lys-Leu 
(Waterham et al., 1994). 

As a source for a PTS2 sequence, the 5'-end of the 
watermelon malate dehydrogenase gene (Gietl, 1990) 
was ligated in reading frame to the 5'-end of the modified 
bla gene and inserted into vector pFtW09 to make 
vector pHW021 (Fig. 3). Expression of this construct 
under control of Pcap resulted in a PTS2-p-lactamasc 
hybrid protein composed of P-lactamase preceded by 
the first 25 amino-terminal amino acids of malate 
dehydrogenase, which includes the PTS2 motif 
Arg^^.Ile.Xxx5-His-Leu*8 (Gietl, 1990; Gietl et al., 
1994). 

Vectors pHWO20 and pHW021 were linearized with 
Sali and integrated into the HIS4 locus of P. pastoris 
strain GS115. The locations of the p-lactaraase-PTSl 
and the PTS2-P-lactamase hybrid proteins were deter- 
mined through subcellular fractionation of trans- 
formants grown on oleic acid to induce peroxisomes. 
After centrifugation of a postnuclear supernatant into a 
supernatant fraction, consisting primarily of cytosol, 
and an organelle pellet fraction, containing mostly per- 
oxisomes and mitochondria, the major portion of both 
hybrid proteins was recovered in the organelle pellet. 
As a control, P-lactamase without either PTS was found 
in the cytosolic supernatant fraction (not shown). 
Subsequent sucrose density centrifugation of the organ- 
elle pellets indicated that both the P-lactamase-PTSl 
(Fig.4A) and the PTS2-p-lactamase (Fig. 4B) hybrid 
proteins were correctly targeted to peroxisomes since 
the distribution of p-lactamase activity across the gradi- 
ents was similar to the distribution of the peroxisomal 
marker enzyme catalase and clearly different from the 
distribution of the mitochondrial marker enzyme 
cytochrome c oxidase. 

2,6, General applications for ¥qi^^ 

P. pastoris is an important host organism for the 
production of heterologous proteins (Cregg et al., 1993). 
Expression of foreign genes in the yeast is typically 
under control of Paoxu whose tight regulation allows 
the introduction and maintenance of heterologous genes 
during repressing growth conditions to prevent selection 
for nonexpressing strains. However, in some instances 
it may not be suitable to use methanol for the induction 
of gene expression. For example, because methanol is 
most commonly derived from petrochemical sources, it 
may not be an acceptable carbon source for production 
of certain food products and additives. In addition, 
large volumes of flanrunable methanol are a potential 
hazard, whereas other carbon sources such as glucose 
or glycerol are not. 

Pgap is an attractive alternative to Paoxi for the 
production of some heterologous proteins in P. pastoris; 
in glucose-grown shake-flask cultures, P^^p appears to 
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Fig. 4. Sucrose density gradient profiles obtained after subcellular fractionation of oleic acid-grown P. pasioris transformants expressing p-lactamase- 
PTSl (A) or PTS2-P-lactamase (B) under transcriptional control Pqap- Methods: Vectors pHWO20 expressing p-lactamase-PTS 1 and pHW021 
expressing PTS2-P-lactamase under transcriptional control of Pq^p were linearized with SaH and integrated at the HIS4 locus of P, pastoris GSl 1 5. 
Transformed cells were grown at 30^C in yeast nitrogen base medium using as carbon source 0.2% oleic acid plus 0.05% Tween 40, and subjected 
to subcellular fractionation by differential centrifugation as described previously (Waterham ct al., 1996). The 30 000xg organelle pellet which 
consists mainly of peroxisomes and mitochondria was further fractionated on a sucrose density gradient, and 1-mI fractions were collected from 
the bottom of the gradient (Waterham et al., 1996). Fractions were assayed for peroxisomal catalase ( U/ml; LQck, 1963), mitochondrial cytochrome 
c oxidase (U/ml; Douma et al., 1985) and P-lactamase activities (U/ral; see legend of Table 1). 



be significantly stronger than Paoxi in methanol-grown 
shake-flask cultures. Using the Pc^p-based vector 
pHWOlO, we have successfully expressed genes from 
bacteria {amp, bla, lacZ), yeast {AOXJ and PER6), 
plants (gMDH), insects (luciferase gene) and mammals 
(FAFl, CPTI and CPTII) in P, pastoris following the 
strategy outlined for the P-lactamase constructs. 



3« Conclusions 

{\) P. pastoris contains a single GAP gene that is 
predicted to encode a 35.4-kDa protein (333 amino 
acids) with strong similarity to other eukaryotic and 
prokaryotic GAPDHs. 

(2) A P, pastoris integrative expression vector, 
pHWOlO, has been constructed which expresses 
foreign genes under control of a 500-bp Pqaf frag- 
ment. The Pqap sequence is separated from the 
transcription termination sequence of the P. pastoris 
AOXl gene by a unique EcoK\ site suitable for the 
insertion of foreign genes, in addition, the vector 
contains the P. pastoris HIS4 gene, and the ampicil- 
lin resistance gene and origin of replication from 
£. coll vector pBR322. 

(3) Pgap >s a strong and constitutive promoter, although 
its strength varies depending on the carbon source 
used for cell growth. Expression under control of 
^GAP in glucose-grown P. pastoris cells is higher 
than that of the commonly used P^oxx in methanol- 
grown cells, which makes Pq^p an attractive 
alternative for production of heterologous proteins 
in P. pastoris. 



(4) P-Lactamase is a suitable reporter protein for 
peroxisomal protein import studies in P. pastoris. 
P-Lactamase-PTSl and PTS2- P-lactamase hybrid 
proteins expressed under control of Pqap cor- 
rectly targeted to wild-type P. pastoris peroxisomes. 
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Abstract: An unstructured growth model for the recom- 
binant methylotrophic yeast P. pastoris Mut* expressing 
the heavy-chain fragment C of botulinum neurotoxin se- 
rotype A [BoNT/A(Hc)], was successfully established in 
quasi-steady state fed-batch fermentations with varying 
cell densities. The model describes the relationships be- 
tween specific growth rate and methanol concentration, 
and the relationships between specific methanol and am- 
monium consumption rates and specific growth rate un- 
der methanol-limited growth conditions. The maximum 
specific growth rate (fj) determined from the model was 
0.08 h"^ at a methanol concentration of 3.65 g/U while 
the actual maximum p was 0.0709 h~\ The maximum 
specific methanol consumption rate was 0.0682 g/g 
WCW/h. From the model, growth can be defined as either 
methanol-limited or methanol-inhibited and is delin- 
eated at a methanol concentration of 3.65 g/L Under in- 
hibited conditions, the observed biomass yield ( Vx/MeOH) 
was lower and the maintenance coefficient (mMeoH) was 
higher than compared to limited methanol conditions. 
The YxfMeOH decreased and mMeOH increased with in- 
creasing methanol concentration under methanol- 
inhibited conditions. BoNT/A{Hc) content in cells (a) un- 
der Inhibited growth was lower than that under limited 
growth, and decreased with increasing methanol con- 
centration. A maximum a of 1.72 mg/g WCW was 
achieved at a p of 0,0267 h""" and induction time of 12 h. 
© 2000 John Wiley & Sons, Inc. Biotechnol Bioeng7Q: 1-8, 2000. 
Keywords: Pichia pastoris; fed-batch; growth modeling; 
optimization; fermentation; botulinum neurotoxin 

INTRODUCTION 

The Pichia pastoris expression system has been used ex- 
tensively for the production of heterologous proteins. The 
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advantages of this system include high cell densities on a 
defined minimal basal salts medium (Brierley et al., 1990; 
Cregg and Higgins, 1995), efficient post-translational modi- 
fications (Digan et al., 1988; Tschopp et al, 1987), less 
secretion of endogenous proteins while expressing secreted 
recombinant protein (Digan et al., 1988; Laroche et al., 
1994; Tschopp et al., 1987), and a strong, well-regulated 
methanol-induced promoter (Cregg and Madden, 1988; 
Cregg and Vedvick, 1993). It is known that P. pastoris can 
assimilate methanol but cannot tolerate high methanol con- 
centrations. This is due to the accumulation of formalde- 
hyde and hydrogen peroxide inside the cells, both of which 
are the oxidized products of methanol by the alcohol oxi- 
dase and are toxic to the cell (Couderc and Baratti, 1980; 
Cregg and Madden, 1988; Van der Klei et al., 1990). In 
order to obtain high cell densities while maintaining a low 
level of methanol, a fed-batch strategy is commonly used. 
The methanol feeding strategy, which also dictates the spe- 
cific growth rate, is one of the most important factors for 
maximizing recombinant protein production, since all of the 
biochemical reactions for product formation are directly or 
indirectly associated with cell growth (Shioya, 1992). 

The methanol feeding strategy used by most researchers 
for methanol utilization positive (Mut*) recombinant P, pas- 
toris fed-batch fermentation is from "Pichia Fermentation 
Process Guidelines" of Invitrogen Co. (San Diego, CA). 
There are two different empirical feeding strategies that are 
commonly used (Stratton et al., 1998). The first is the dis- 
solved oxygen (D.O.) spike method, where during methanol 
induction the methanol feed pump is stopped and the 
amount of time is recorded for the D.O. to increase 10% (a 
limited culture will have D.O, spike times of 15-30 s). The 
second method uses preprogrammed linear feed rates that 
typically do not exceed 1 1 mUL/h. Both protocols are de- 
signed to maintain a residual methanol concentration of 
nearly 0 g/L, which is not necessarily optimum for maxi- 
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mum protein production. Some protocols for regulating 
methanol feed rate were reported in the production of bo- 
vine lysozyme (Brierley et al., 1990), but the effect of 
methanol feed rate on the protein production was not de- 
tailed. Shake flask cultures with methanol maintained at 
0.3% v/v were studied by using a methanol sensor (Guama 
et al., 1997). The results showed the volumetric protein 
productivity, while maintaining a constant methanol level, 
increased 5-fold over cultures that were not maintained with 
constant methanol. Because the specific growth rale and 
specific production rate were not compared, it is hard to 
conclude if the methanol affected the protein production 
rate. The specific growth rate and specific protein produc- 
tion rate were determined with methanol concentrations 
ranging between 1.5 and 31 g/L (Katakura et al., 1998), but 
the study did not extend to methanol-limited growth or de- 
velop a growth model. 

The purpose of this research is to establish an unstruc- 
tured growth model for P, pastoris Mut"*" and use the model 
to optimize the production of a recombinant protein, the 
heavy-chain fragment C of botulinum neurotoxin, serotype 
A [BoNT/A(H^;)]. The botulinum neurotoxin is produced by 
Clostridium botulinum under anaerobic conditions and is 
classified into seven serotypes designated types A through 
G. It is the most potent toxin known to science (Lamanna, 
1959). BoNTA/(HJ, the 50-kDa carboxyl-terminal region 
of the botulinum neurotoxin, is involved in the recognition 
of specific ectoreceptors on peripheral cholinergic nerve 
cells. The toxin fragment is nontoxic and has been shown to 
elicit significant protective immunity in mice and is a vac- 
cine candidate (Byrne et al.. 1998; Clayton et al., 1995). 

MATERIALS AND METHODS 

Experimental Setup 

Fermentations were performed with a 5-L Bioflo 3000 fer- 
mentor interfaced with the computer-based software, AFS- 
BioCommand, for data acquisition and supervisory control 
(New Brunswick Scientific Co., Edison, GA). A part of the 
off-gas was diverted to an MC-168 methanol monitor and 
controller (FTI Instruments, Inc., Kathleen, GA) equipped 
with a TGS822 methanol sensor (Figaro Engineering Inc., 
Osaka, Japan), which were used to maintain a constant level 
of methanol in the broth. A methanol feed pump (Model 
101 U/R, Watson-Marlow Ltd., England), balance (Model 
PR 1203, Mettler Toledo, Switzerland), and the MC-168 
controller were interfaced with the AFS-BioCommand to 
make a closed-loop control system. Fig. 1 . The D.O. was set 
to 20% and controlled by an agitation/02 cascade available 
as part of the BioFlo 3000 system. Pure oxygen was sup- 
plied as needed to maintain 20% of D.O. saturation. 

Strain and Inoculum Preparation 

P. pastoris GSI 15 Muf", expressing the BoNT/A(H^.) frag- 
ment intracellularly, is described elsewhere (Byrne et al., 
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Figure 1. Schematic diagram of fermemation control system. (-^) Mass 

flow direction; ( V) controlling signal flow direction; (a) fermentor; (b) 

methanol feed pump; (c) methanol reservoir; (d) baJance; (e) NBS scale 
interface; (f) MC-168 methanol coniroller; (g) NBS 1/0 converter; (h) 
BioCommand interface; (i) PC. AFS-BioCommand software. 



1998). Attempts were made to secrete the BoNT/A(H^,) 
fragment, but the fragment was glycosylated, which ren- 
dered the fragment immunologically inactive. The native 
toxin is not glycosylated. The gene was determined to be 
stable after a minimum of 25 generations (data not shown). 
Individual fermentors were inoculated with 40 mL of 
freshly thawed starter culture. These cultures were prepared 
by inoculating 200 mL of BMGY (buffered minimal glyc- 
erol complex medium, Pichia Expression Kit, Invitrogen 
Co.) containing 10 g/L glycerol in a 2-L baffled shake flask 
with 1 mL of a stock culture maintained frozen in liquid 
nitrogen (vapor phase). The culture was incubated at 30°C 
with 200-rpm shaking rate until an OD^qo (optical density at 
600 nm) between 2 and 6 was reached. The entire 200 mL 
was aseptically transferred to a 5-L fermentor containing 4 
L of BMGY with 40 g/L glycerol. When the density reached 
an ODgoo of 50, the cells were harvested aseptically using 
sterile 500-mL centrifuge bottles and centrifuged at 2000g. 
The pellets were resuspended in 1 L of sterilized BMGY 
containing 150 g/L glycerol. Cell suspension aliquots of 40 
mL (approximately 200 ODgoo) were dispensed into 50-mL 
sterile conical tubes and stored at -SO^'C until ready for use. 

Fermentation 

Glycerol Batch Phase 

The batch phase was 2 L of basal salts medium (BSM), 
which, per liter, consists of 26.7 mL 85% H3PO4, 0.93 g 
CaS04, 18.2 g K2SO4, 14.9 g MgS04 • THjC ^.B g KOH, 
and 40.0 g glycerol. Prior to inoculation, the pH was ad- 
justed to 5.0 with concentrated ammonium hydroxide fol- 
lowed by the addition of 8.7 mL of PTMl trace salts (con- 
taining, per liter, 6.0 g CUSO4 • SHjO, 0.08 g Nal, 3.0 g 
MnS04 • H2O, 0.2 g Na2Mo04 • 2H2O, 0.02 g H3BO3, 0.5 
g C0CI2, 20.0 g ZnClj, 65.0 g FeS04 • 7H2O, 0.2 g biotin, 
and 5.0 mL H2SO4). Batch phase conditions were tempera- 
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lure, SO^C; pH, 5.0 (controlled with concentrated ammo- 
nium hydroxide); and D.O., 20%, These variables were 
monitored and maintained continuously by the fermentation 
unit. The end of batch phase was indicated by a spike in the 
D.O. caused by the exhaustion of glycerol. The cell mass at 
the end of the batch phase was approximately 100 g/L wet 
cells. 

Glycerol Fed-Batch Phase and Transition Phase 

The fed-batch phase was performed under glycerol-limiied 
conditions to increase cell mass and prepare the cells for 
induction. Limited feed benefits the induction of the AOXl 
(alcohol oxidase) promoter by facilitating the consumption 
of metabolites, such as acetate and ethanol, which build up 
during the batch phase and are inhibitory to AOXl induc- 
tion. The suggested minimum length of time for the fed- 
batch phase is 1 h. Longer times and/or higher feed rates, 
may be used to increase cell mass prior to induction. For this 
project a 1-h fed-batch period was used at a feed rate of 20 
g 50% w/w glycerol (containing 12 mL of PTMl per liter) 
per hour per liter of broth. 

Following the fed-batch phase, a transition phase was 
designed to shorten the time required for the cells to fully 
adapt to methanol. The transition phase is initiated by the 
addition of 1.5 g/L methanol, which initiates induction. The 
glycerol feed rate is simultaneously set to ramp down lin- 
early from 20 g/L/h to 0 over a 3-h period. During the first 
hour, the cells continued to utilize glycerol as the primary 
carbon and energy source, which was confirmed by off-gas 
analysis. After the first hour the methanol concentration was 
observed to decrease quickly until by the end of the second 
hour the detection limit of the methanol sensor was reached. 
These two hours were defined as the transition phase, during 
which the cells initiated the switch from glycerol to metha- 
nol. By the end of the transition phase the cells were fully 
adapted to methanol, which was confirmed by a sharp drop 
in the D.O. when the methanol feeding profile was initiated. 
This two-hour adaptation time compares to a period of 4-5 
h when using the traditional method of complete glycerol 
exhaustion followed by a very low methanol feed (Stratton 
et al., 1998). 

Methanol Fed-Batch Phase 

Once the cells were fully transitioned, the methanol (con- 
taining 1 2 mL of PTM 1 per liter) was fed to start the metha- 
nol fed-batch phase (production phase). Two feeding strat- 
egies were investigated. The first was a methanol-excess 
feed strategy in which the methanol concentration was con- 
trolled at set levels between 2.0 and 30.0 g/L to study the 
effects of excess methanol on growth and protein produc- 
tion. The rate of increasing the methanol concentration was 
limited to 10 g/L/h to prevent the cells from being shocked. 
This strategy allowed the maximum specific growth rate, 
p-m, to be determined. The second strategy controlled the 
growth rate below |x„ by methanol-Iimited feeding. The 



specific growth rate was kept at desired values by control- 
ling the methanol feed rate at an exponential increase, which 
allowed the growth, production, and substrate consumption 
rates to be determined. 

Analytical Methods 

Cell density was expressed as wet cell weight (WCW), 
which was measured by removing duplicate 10-mL aliquots 
of the fermentation broth into preweighed 15-mL conical 
tubes. The samples were centrifuged at 2000g, the supema- 
tants were decanted, and the pellets were weighed. One 
gram of wet cells is equivalent to approximately 0.28 g dry 
cell weight. 

The off-line methanol concentration was determined by 
gas chromatography (GC-17A, Shimadzu Co., Columbia, 
MD) with isopropy! alcohol as an internal standard. 

Cell were disrupted as a 150 g WCW/L suspension of 
cells in lysis buffer [2,92 g NaCl, 1.86 g EDTA, 10.47 g 
MOPS, sodium (Calbiochem Co,, San Diego, CA), 2.5 g 
CHAPS (Pierce Co., Rockford, IL), in 1 L ddHjO, pH to 7.5 
with NaOH], Aliquots of 1 mL were mixed with approxi- 
mately 2.2 g zirconia/silica beads (Biospec Products, Inc. 
Bartlesville, OK) in 2.0-mL screw-cap tubes followed by 
disruption at 4°C with a vibrating disrupter (Mini- 
BeadBeater-8, Biospec Products, Inc.) for 8 cycles (1 min 
vibrating and 4 min resting in each cycle). The ly sate/bead 
mixture was centrifuged until the supernatant was clear, and 
100 (jlL aliquots were diluted 20- fold with lysis buffer con- 
taining 0.5 g/L CHAPS and then stored frozen at -20*'C 
until analyzed for BoNT/A(HJ. 

BoNT/A(Hc) was determined by using a modified ELISA 
procedure (Byrne et al., 1998). All incubations were com- 
pleted at 37°C with sealed plate covers unless indicated 
differently. Microtiter plates (Immulon 4HBX; Dynex 
Technologies Inc., Chantilly, VA) were incubated overnight 
at 4°C with 100 \iL per well of coating monoclonal anti- 
body 5BA2 (Hallis et al., 1993) at 0.5 jxg/mL in 100 mM 
sodium carbonate buffer, pH 9.6 (SCB). The plates were 
then blocked for 2 h with 5% w/v nonfat dry milk in SCB. 
The plates were washed with SCB followed by the addition 
of 100 p.L of either sample or standard to each well and 
were then incubated for 90 min. Lysate samples were di- 
luted 1/1000 to 1/2000 in SCB which contained 5% w/v 
nonfat dry milk and 0.05% w/v CHAPS before addition to 
the plates. The plates were washed with SCB then incubated 
for 1 h after the addition of 100 fxL per well of buffered 
affinity-purified horse anti-BoNT/A(Hc) at 2.0 |xg/mL in 
5% w/v nonfat dry milk in phosphate-buffered saline with 
0,05% w/v Tween 20 (PBS-T), The wash solution was 
changed to PBS-T. The plates were washed and incubated 
for 1 h with 100 p,L per well of peroxidase-labeled goat 
anti-horse IgO [H+L] (Kirkegaard & Perry Laboratories, 
Gaithersburg, MD) at 2.0 |xg/mL in 5% w/v nonfat dry milk 
in PBS-T. The plates were washed again and 100 \lL of 
ABTS [2,2'-azinobis(3-ethlybenzthiazoline-6-sulfonic 
acid)] peroxidase substrate (Kirkegaard & Perry Laborato- 
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ries. Gaithersburg, MD) was added to each well followed 
immediately by incubation at room temperature (for 10-30 
min) until the i4405 of the highest standard was near 2. The 
reaction was stopped by addition of 100 \iL of 2% w/v 
oxalic acid in water. The ^405 was read with a MRX mi- 
croplate reader (Dynex Technologies Inc). 

Calculation of the Specific Rates 

The specific growth rate, |x, for a fed-batch culture is ex- 
pressed as: 

diXV) 

where X, V, and / are cell density, culture volume, and time, 
respectively, and ^jl is determined from the slope of \n(XV) 
versus At each sampling point r, V is determined from the 
sum of the initial broth volume, the volume of ammonium 
hydroxide, glycerol, and methanol added up to that time, 
minus the volume sampled. 

If the methanol concentration and pH are constant from tQ 
to t, the specific methanol (v^^^oh) ammonium (v^Hj) 
consumption rales, and the specific BoNT/ACH^) production 
rate, p, are expressed as (Kaiakura et al., 1998; Omasa et al., 
I992a,b) 

GMcOH = VMeOH /' iXV)dU (2) 

2nH3 - VNH3 /' iXV)dt. (3) 

y=p f (xv)dt. (4) 

where Qmcoh ^"d Q^Hj ^^e the total amount of methanol 
and ammonium consumed, respectively, and J is the total 
protein produced from Iq to t. Qmcoh and e^Ha are deter- 
mined by measuring the amount of methanol and ammo- 
nium added to the system. If is constant from to r, and, 
X = Xq sind V = Vq at r = fo» the following equations are 
obtained: 

X\^ = XoV*^^'-'o>, (5) 

r(Xm = (XK-XoVo)/n. (6) 
*' '0 

When Eq. (6) is combined with Eqs. (2) and (3), Vmcoh and 
VNH3 are obtained from the slope of CmcOh versus (XV - 
^o^oVM' and Cnh^ versus (XV - XoVq)/\l, respectively. J is 
determined from 

J^a(XV)-ao(XoVo), (7) 

where ct is the BoNT/ACH^) content in the cells, as deter- 
mined by ELISA, and a = at r = Iq, If a is constant 
during the fed-batch culture at a constant ^ from /q to r, Eq. 
(7) becomes 

J = a(XV-XoV^). (8) 



When Eqs. (4), (6), and (8) are combined, p is 

p = afji. (9) 

MODELING OF THE FED-BATCH GROWTH 

A CSTR or exponential fed-batch culture can operate as a 

chemostat when the substrate feed concentration, 5f, satis- 
fies the following equation (Blanch and Clark, 1996): 

5f = 5 + T;^, (10) 

where Yx/s is the observed yield of biomass to substrate. 
Both Yx/s and S are dependent upon the desired and the 
type of substrate, so X is decided by Sf for a desired \l. Since 
the maximum X is limited to a certain level based on a given 
medium and fermentor design, i.e., oxygen supply, heat 
transfer, etc., the maximum Sf is also limited. 

It is proposed to model the fed-batch culture as a quasi- 
steady state system, where \i. and S are constant, and X 
varies within a limited range. This is possible if the bio- 
chemical activities of the cell do not vary significantly over 
the range of the cell densities being studied, then jjl, v, and 
p will be constant. Therefore, a quasi-steady state will be 
defined as a growth condition where X varies while jx, v, p, 
and S are constant within an experimental range of cell 
densities. 

Maintaining a constant is essential for attaining a quasi- 
steady state. |x is a function of S, and 5 can be maintained 
constant over a range of 1-30 g/L using a methanol sensor. 
When the methanol concentration is below the sensor's 
limit of detection, an alternative means of maintaining a 
constant |x is required. In this case, the methanol feed rate 
(F) varies exponentially to maintain a constant \l using the 
following equation: 

^=VMeOH(W^^ (11) 

where Xq is the cell density and Vq is the broth volume when 
initiating the feed profile (t = 0). Once and v^^^oH.m 
have been determined empirically under methanol excess 
conditions, v^^^qh estimated for a desired |x by the fol- 
lowing equation: 

VmcOH = M'VMcOH.m/M'm- (12) 

Eq. (12) is based on an assumption that Yx/s = M'ny^McOH.m 
and is independent of and that the maintenance coefficient 
is negligible. This assumption is false, but it allows for an 
initial estimation of Vj^^oh- Eq. (12) will be revised later to 
give the true relationship between \jl and Vj^^oh- When Eq. 
(12) is substituted into Eq. (1 1), F is estimated to deliver a 
constant desired jjl. Although the actual values of |x and 
^MeOH will differ from the estimated values, it is only im- 
portant that they are constant. If |x and Vj^^qh are constant, 
a quasi-steady state is attained. 

Once the values of 5, Vj^^q^, v^Hj* and a in the quasi- 
steady state with different desired |x have been determined 
by using either limited or excess feeding, an unstructured 
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growth model which describes the relationships between ja, 
and S, Vj^eOH^ |x, and vjmhj and \i can be established. The 
production model, which describes the relationship between 
\L and a or between (ji and p, is also achieved. From these 
two models all of the parameters related to growth and 
production can be predicted. 

RESULTS AND DISCUSSION 

Prior to this work, optimization of the methanol feeding 
strategy was viewed as empirical, following the standard 
procedure using either the D.O. spike method of methanol 
feeding (Brieriey et al., 1990) or preprogrammed linear feed 
rates (Stratton et aL, 1998). Even though the D.O. spike 
method was used to successfully produce protein, the 
method is inconvenient and subjects a high-cell density cul- 
ture to changes in methanol feeding during D.O. spikes. The 
standard procedure is to reach a certain methanol-feeding 
rate, i.e., 1 1 mlTL/h and maintain this rate for the duration 
of the fermentation, which could sometimes be 36-70 h. 
Thus, as the biomass increased, the amount of methanol 
being fed per unit cell mass was decreasing. Since the pro- 
duction of recombinant protein and growth are regulated by 
the same type of pro motor, our approach was to develop a 
model that coupled growth rate to product formation. 



effects of methanol at high concentrations. Fig. 2. From the 
completed fermentations, and VMeOH,ni were found to be 
0.0709 h"* and 0.0682 g/g WCW/h. respectively, when S 
was 2. 1 g/L. 

Methanol-Limited Cultures 

When and VMcOH.m are substituted into Eqs. (11) and 
(12), the methanol feed rate, F, was estimated by the fol- 
lowing equation: 

F= 0.962^(^0 Ko)^»"'. (13) 

The desired values for were set to 0.01, 0.02, 0.03, 0.04, 
0.05, and 0.06 h~\ and Xq and Vq were determined just prior 
to the start of the feed profile. The actual \i values were 
0.0112, 0.0186, 0.0267, 0.0372, 0.0481, and 0.0630 h-\ 
which correlated well to the desired values. The difference 
between the predicted \i and the actual p, is attributed to the 
error in estimating vmcoh Eq. (12). When the resulting \ju 
was 0.01 12, 0.0186, and 0.0267 h-\ S was below the GC 
detection limit. When \l was 0.0372, 0.0481, 0.052, and 
0.064 h**, the S was 0.336, 0.454, 0.971, and 1.265 g/L, 
respectively. These values of jx and S were also plotted in 
Fig. 2 together with the values obtained in the nonlimited 
cultures. 



Establishing the Growth Model 

Methanol-Nonlimited Cultures 

To determine the growth characteristics of the culture when 
methanol is in excess, fermentations were performed with S 
between 2.0 and 30.0 g/L. The methanol concentrations 
were maintained at the desired levels throughout the fer- 
mentations with only minor fluctuations. Exponential 
growth was maintained at all levels of methanol, and this 
demonstrates that a quasi-steady state was maintained. As 
the S increased, jjl decreased, which shows the inhibitory 
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Figure 2. Relationship between specific growth rate and methanol con- 
centration. (D) Methanol non-limited cultures; (0) methanol-limited cul- 
tures; (♦, ■, ▲) cultures of P. pastoris wild type Y-1 1430, host strain 
GS1I5 his" and GS 11 5 his* BoNT/E(HJ clone, respectively. 



Growth Model 

The data of versus S fit the following uncompetitive in- 
hibition growth model (Blanch and Clark, 1996): 

0.1465 

^ = o • (14) 

1,5 + 5 + 5^8.86 

The solid line in Fig. 2 is the predicted value of [l based on 
Eq. (14), which shows that \x increased with 5 up to a 
maximum value, Sc^^y beyond which it declines. The theo- 
retical maximum specific growth rate, [lJ, at point C (Fig. 
2), and 5^01 are 0.08 h"^ and 3.65 g/L, respectively. The 
growth characteristics were divided into two regions based 
upon |Xn^'. To the left of this point (region A) is the growth- 
limited region (5 < S^rn), and to the right of point C (region 
B) is the growth-inhibited region (5 > S^^i). 

Simulation of Methanol-Limited 
Fed-Batch Cultures 

Eq. (14) does not completely simulate a fed-batch culture 
because it does not account for the relationships between 
^McOH and |x and Vj^i^^ and |x, which can be expressed as 
(Blanch and Clark, 1996) 

v = 7^ + m. (15) 

The relationship between Vj^^qh [l, and v^Hj and p. 
under quasi-steady state limited conditions, Fig. 3, resulted 
in the following linear equations: 
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Specific growth rate (h-1) 

Figure 3. Relationship between specific substrate consumption rate and 
specific growth rate. (♦ , 0). (A. ▲), and (□, ■) are from cultures of P. 
pastoris wild type Y-1 1430, host strain GSl 15 his" and GSU5 his* BoNT/ 
E(Hc) clone, respectively. 

VmcOh = 0.84jjl + 0.0071, (16) 

Vnh3 = 0.14m. (17) 

The true yield of biomass and the maintenance coefficient, 
Yxjsa and m with respect to methanol and ammonium, were 
>^x/McOH. = 1.19 g WCW/g MeOH, mMeOH = 0.0071 g 
MeOH/g WCW/h; Yx/^^^^ - 7.14 g WCW/g 28% NH3, 
= 0, respectively. 
Substitution of Eq. (16) into Eq. (11) results in the fol- 
lowing equation: 

F = (0.84JX + 0.007 1 ) (Xo Vo)^^', ( 1 8) 

which provides the corrected value of F for a methanol- 
limited fed-batch culture at a constant |x. 

The following equations (19-24) were derived on the 
basis of the feeding strategy described by Eq. (18). In this 
simulation, < M'm' = 0.08 h-\ S < 3.65 g/L, and X < 450 
g WCW/L which was found to be the maximum X that the 
medium of BSM supplemented with PTMl trace salts can 
support in a quasi-steady state. 

XV^{XoVo)e^\ (19) 
^MeOH = (0.84JJL + 0.0071)(XoV/o)(^*^' - I)/0.79»JL, (20) 
VsH,^0A4{XoVo){e^' l)/0.9. (21) 

V=V^0+V^McOH + ^NH3» (22) 

X = \jJ(oe'^/[\L + (1 .22jjL + 0.009)Xo(e^ - 1)], (23) 

^=^"H"""^^"^ = 5.1.5.5V8.86 j' '''' 

To confirm if the model is applicable to other strains, the 
fed-batch cultivation of P. pastoris wild type NRRL 
Y-1 1430, host strain GSl 15 his" (supplemented with 1 g/L 
histidine) and a GSl 15 his" BoNT/E(Hc) clone were syn- 
thesized. The actual values of 5, jji, v^coh* and v^^y^^ were 
within experimental agreement with the prediction. There- 
fore, the model could be applied to all the P. pastoris MuC 
strains as a starting point, provided that protein expression 



does not significantly change the growth properties of the 
strain. It had been reported that the recombinant protein 
expression could change the strain bioactivities and make 
the substrate metabolism much different from the host strain 
(Katakura et al., 1998; Wong et aL. 1998). In this case, the 
model should be modified on the basis of the individual 
protein properties, 

Kx>ivieOH,obs 3nd fTiMeOH DuHng Inhibited Growth 

For fed-batch fermentations under inhibited growth (5 > 
5crii), the effect of 5 on /Hmcoh and the observed yield, 
^x/MeOH.obs = M^^MeOH' ^^^^ determined. The relationship 
between v and during inhibited growth under quasi-steady 
state conditions was determined to be nonlinear. Fig. 4. It 
was observed that when S increased, >x/MeOH.obs decreased 
and m^^eOH increased. From Eq. (16), the following equa- 
tion was derived for calculating >^i^/McOH.obs' 

>^x/McOH,obs = |x/v = 1.19 - 0.010/(0.085 -h ^JL). (25) 

The broken line A in Fig. 4 shows the predicted values of 
^x/MeOH,obs calculated by substitution of Eq. (14) into Eq. 
(25), and the broken line B is the mMeOH obtained in limited 
cultures. It was observed that the J^x/MeOH,obs was lower, 
while mj^eOH was higher compared to limited cultures when 
S > 10 g/L, illustrating a lower efficiency for cell mass 
synthesis at higher 5. 

Protein Production 

A typical protein production time course during a fed-batch 
culture is presented in Fig. 5. a reached a maximum after 12 
h post-induction and remained constant or decreased 
slightly until the end of the quasi-steady state, which dem- 
onstrates that quasi-steady state for a or p was not reached 
until BoNT/A(Hc) inside the cells reached a maximum. Af- 
ter X reached 400-450 g WCW/L, a started to decrease 
quickly, which confirmed the assumption that quasi-steady 
state exists within a certain range of X. The production 




5 10 15 20 25 30 



Methanol concentration (g/L) 

Figure 4. Effect of methanol concentration on observed yield of biomass 
and maintenance coefficient based on methanol in methanot-inhibited fer- 
mentations. (A) Observed yield calculated by substitution of Eq. (14) into 
Eq. (25). (B) Maintenance coefficient, m (0.0071), in the methanoMimited 
cultures. 
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Time (h) 

Figure 5. Typical lime course of BoNT/A(Hc) production. Broken line: 
average value of BoNT/A(Hc) content in cells during the quasi-steady state. 

level, a, shown in Fig. 6 is an average value (n = 8-10) 
during this quasi-steady state, which is indicated by the 
linear increase in \n(XV), Fig. 5. 

The effect of methanol concentration on a is presented in 
Fig. 6, where a critical specific growth rate = 0.0267 h"* 
(at 5 = 5,= 0.34 g/L) produced a maximum BoNT/A(H^) 
per cell mass, of 1.72 mg BoNT/A(HJ/g WCW. Using 
Eq. (9), p was calculated for each and is plotted in Fig. 6. 
The maximum specific product formation rate, p^,, is 0.082 
mg/g WCW/h when |jl = = 0.0709 h"* (at 5 = 52 = 
2. 1 g/L). Imbalances of energy supply for growth and pro- 
duction is usually considered to be the reason that |x affects 
a or p (Chim-Anage et al„ 1991; Shioya, 1992). 

There are two strategies for optimizing BoNT/A(H^.) pro- 
duction depending on oxygen transfer capabilities. If the 
fermentation system has limited oxygen transfer capabilities 
the objective is to grow the cells to a pre-induction condi- 
tion of X ^ Xq, V = Vq, where 70 = 0 and f = 0, The 
culture is induced for as long as (x = n^^, = 0.0709 h"* (tf 
>12 h) is maintained. Integration of Eq. (4) based on these 
conditions results in an expression for J^^. 

^m = 9jXoVo)e^""'/y^^. (26) 
For the second case, the system is defined by the limitation 
of the media, i.e., final cell mass. The media describe in this 
work will support growth up to 450 g WCW/L. The objec- 
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Figure 6. Effect of methanol concentration on BoNT/ACHJ cement in 
cells (♦) and specific formation rate (0). 5, = 0.34 g/L, = 2.1 g/L 
which correlate to a specific growth rate of ji^ = 0.0267, ji^ = 0.0709, 
respectively. 



tive is to optimize conditions so that once cell mass reaches 
a maximum that all of the cells contain the maximum 
amount of product. is achieved when \l = p.^: 



(27) 



The constraints on the system for maximum production of 
BoNT/A(Hc) are an induction time of 12 h, final cell mass 
of 450 g/L and \x = during induction. Using Eqs. (19) 
through (23), we developed a spreadsheet that models the 
entire fermentation process and calculates all of system pa- 
rameters, such as length of glycerol fed-batch phase and 
induction phase on the basis of growth rates, starting and 
ending volume, and all media requirements. From the 
model, we determined that the maximum yield of BoNT/ 
A(Hc) is 0,77 g/L with a total fermentation time of 54 h. 
This assumes the glycerol batch phase is 20 h (inoculum is 
10% of the initial fermentation volume with an OD^oo = 6) 
and that the fed-batch phase, which lasts 22 h, reaches a cell 
density of 410 g/L using a feed rate of 20 g/L/h (50% w/v 
glycerol) and results in a final cell mass of 450 g/L after a 
12-h methanol induction at fic- 

CONCLUSION 

An unstructured growth model was developed for a Muf^ 
strain of P. pastoris expressing BoNT/A(H^;). The model 
describes the relationships between the specific growth rate 
and methanol concentration and between the specific 
growth rate and specific methanol and ammonium con- 
sumption rates. The maximum specific growth rate (jx) cal- 
culated from the model was 0.08 h"^ at a methanol concen- 
tration of 3.65 g/L, while the realized maximum \l was 
0.0709 h"* and maximum specific methanol consumption 
rate was 0.0682 g/g V/CV^/h. When the effect of methanol 
concentration on specific growth rate was investigated, it 
was determined that above a methanol concentration of 3.65 
g/L the cultured exhibited substrate inhibited and followed 
an uncompetitive inhibition model. 

The results from this study showed that there is an opti- 
mum growth rate for optimum product formation of BoNT/ 
A(Hc). It was determined that reached a maximum of 
1.72 mg/g wet cell mass when \x = = 0.0267 h"^ and 
p^ = 0.082 mg/g WCW/h when ^ = ^x.^ = 0.0709 h-^ It 
is interesting to note that maximum intracellular product 
yield, a^, was reached at approximately one-third of the 
maximum growth rate. At this time, the authors realize that 
the optimum growth rate for BoNT/A(Hc) formation is 
probably protein specific. Studies are in progress to test this 
model for other intracellular and secreted products. 

NOMENCLATURE 

BSM basal salts medium 

F methanol feed rate (g/h) 

J total produced product (mg) 

m maintenance coefficient (g/g/h) 

Q total consumed amount of substrate (g) 
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s 


rnethonol concentration (g/L} 




S to obt<iin p,^' in Eq. (14) (gA^) 


/ 


culture time (h) 


y 


hmth vnlumi* (I ^ 


^MeOH 


total consumed methanol (L) 


^NH3 


total consumed 28% ammonium (L) 


WCW 


wet cell weight (g) 


X 


cell density (g WCW/L) 




observed yield of biomass to substrate (g/g) 




true yield of biomass to substrate (g/g) 


Greek Symbols 


a 


product content in cells (mg/g) 




specific growth rate (h"') 




specific growth rale obtaining a„ 




maximum \i in Eq. (14) (h"') 


V 


specific substrate consumption rate (g/g/h) 


P 


specific product formation rate (mg/g/h) 


Subscripts 


0 


at initial time 


f 


at final lime 


m 


maximum 


MeOH 


methanol 


NH3 


28% ammonium 


obs 


observed 


t 


true 
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Table 2 

Expression of IGF-I in Pichia pastoris: Fermentation Studies 



Fermentation 


Cassette 
copy # 


Phenotype 


pH 


Western 
analysis, 
mg/L 


Incstar 
RIA, mg/L 


Nichols 
RIA, mg/L 


C4 
RP-HPLC, 
mg/L" 


Cell density, 
wet g/L 


A 


6 


Mut+ 


5 


117 


306 


15 


3 


325 


B 


6 


Mut+ 


3 


555 


1550 


140 


121 


385 


C 


4 


Mut* 


3 


nd* 


1400 


174 


103 


350 


D 


2 


Mut+ 


3 


nd 


740 


65 


39 


430 


E 


1 


Mut+ 


3 


21 


167 


35 


14 


415 


F 


6 


Mut' 


3 


nd 


745 


nd 


nd 


370 



''HPLC values reported as authentic IGF-I values that represent -20% of the total IGF-I forms present in HPLC. 
''nd = not determined. 
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METHOD FOR IMPROVING CULTURE a more reproducible fermentation process and a more pre- 

MEDIUM FOR RECOMBINANT YEAST dictable purification process. 

Yeast extracts are commonly used in the media for yeast 

This application claims the benefit of U.S. Provisional fermentations as the source for vitamins, trace elements and 

implication No. 60/015^50, Apr. 10, 1996. 5 nitrogen nutrient. In many fermentation processes the nutri- 
ent which becomes limiting during the course of fermenta- 

CROSS-REFERENCE TO RELATED tjon the carbon source. The lot-to-lot variation of yeast 

APPLICAIIONS extract due to variations in vendor's manufacturing pro- 

This is related to U.S. Ser. No. 086,216, filed Jul. 1, 1993, ^^^^ dramatically aflfect recombinant yeast fermentation 

now published as WO 95/01422. productivity and consistency, e.g. Recombivax HB® (a 

trademark of Merck & Co., Inc.) fermentation. The problem 

STATEMENT REGARDING FEDERALLY- was partially solved in the past by the "brute-force" fermen- 

SPONSORED R&D screening ("use-test") of new yeast extract lots. As a 

result, additional manpower and facilities had to be tied up. 

Not applicable. 15 and sometimes "good" lots could not be secured due to delay 

DcccDCMi-c Tn k«r-n/M7ii-uc Annr>K™v in decision whUe Other times "poor** lots were purchased and 

REFERENCE TO MICROFICHE APPENDIX had to be thrown away. This d^advantage can be overcome 

Not applicable. identifying the critical and varying components in 

yeast extract that affect Recombivax HB® fermentation, and 

FIELD OF THE INVENTION ^0 establishing rapid assay methods for these components. 

.... After a sufficiently representative database is built, the 

o app ica e. analytical results can be used to evaluate whether a particu- 

BACKGROUND OF THE INVENTION extract lot is desirable for Recombivax HB® 

feraientation. 

Productionof compounds of pharmaceutical significance The invention relates to a method to rapidly determine 

by cultivation of recombinant yeasts is an expanding field of whether a yeast extract lot will be "good" for recombinant 

science and commerce. Purified recombinant hepatitis B yeast fermentations, including that which produces HBsAg 

surface antigen (HBsAg) is used as a vaccine for hepatitis B (Recombivax HB®), by measuring the contents of critical 

viral disease and is a well-known example of a varying components such as adenine, trehalose and lactic 

pharmaceulically-significant recombinant protein. ^0 ^^-^ ^.^^j^ ^^^^^ screening procedure eUminates 

Recombinant HBsAg is produced by cultivation of yeast lots with suboptimal levels of these components and allows 

cells in complex or chemically-defined (synthetic) culture in most cases (about 80% of lots) superior and consistent 

media. Generally, complex media contain crude sources of fermentation productivity. The method also enables the 

nitrogen such as yeast extract and peptones. Although high improvement of fermentation yield by rational supplemen- 

yields of cells and crude HBsAg are achieved in these tation of those components to "poor" yeast extract lots, 

complex culture media, overall performance is frequenUy y^plicants have identified adenine and two metabolizable 

variable, and sometimes unacceptably inconsistent. Incon- carbon sources (trehalose and lactate) as critical components 

sistencies in fennentation performance adversely affect in yeast extract causing fermentation inconsistency. Adenine 

downstream purification steps and may also increase costs ^ is required for growth while the slowly metabolized Ireha- 

for the purified product. lose suppUes energy after growth phase for recombinant 

Regulated expression systems are commonly used for the gene expression in the synthesis of expression product. The 

production of recombinant proteins. One type of regulated rapidly utilized lactate exerts a positive effect indirectly by 

system provides tight nutritional control of the productionof sparing more ethanol as the carbon source for product 

heterologous protein. This type of system maximizes bio- 45 synthesis. These effects on growth and production are 

mass production and product stability while minimizing the mutually-dependent. A relatively high level of carbon 

adverse effects of heterologous protein expression on the sources (trehalose plus lactate, >4 g/42 g) and a mid level of 

host cell, e.g., Zabriskie et al. Enzyme Microbial Technol. adenine (0.06-0.1 g/42 g) are necessary characteristics of a 

8:706-717 (1 986). good yeast extract lot for yeast cultivation and crude HBsAg 

For convenience, applicants employ a recombinant 5. 50 production. 
cerevisiae strain for the production of Recombivax HB® (a 

trademark of Merck & Co. Inc.), which strain harbors a SUMMARY OF THE INVENTION 

plasmid composed of the coding sequence for HBsAg linked ^ method for improving the culture medium useful for the 

to the gIyceraldehyde-3.phosphate dehydrogenase (GAP) cultivation of recombinant yeasts and the production of 

promoter, as weU as an ongm of replication from the yeast 55 recombinant proteins is provided. The medium is particu- 

^ piasmia, ana ine utU2 gene or selection in yeast cells. jarfy useful for the cultivation of recombinant strains of 

'° auxotroph, i.e., requires adenme for Saccfiaromyces cerevisiae which produce HBsAg. 

growth. Other adenme auxotrophs of yeast are typically used r -e> 

as recombinant hosts for heterologous protein expression, BRIEF DESCRIPTION OF THE DRAWINGS 
for example strains bearing mutations at the ADE 1 or ADE 60 

2 loci. See, e.g., Kniskem, P. et al. in Expression Systems for Not applicable. 
Processes for Recombinant DNA Products (Hatch el al., 

eds.) ACS Symposium Series No.447 (ch.6) pp.65-75 DETAILED DESCRIPTION OF THE 

(1991), and Schullz, L. el al. Gene 61, 123 (1987). INVENTION 

It would be desirable to identify the component(s) of 65 The present invention is related to a general fermentation 

complex media that affect fermentation performance, espe- process for the production of recombinant proteins by yeast 

cially yields, AdvanUges of such discoveries would include cells. The process of the present invention is demonstrated 
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with the production of HBsAg by batch fermentation of 
strains of Saccharomyces cerevisiae transformed with a 
plasmid comprising the gene for HBsAg. As will be appre- 
ciated by one of ordinary skill in the art, the process of the 
present invention has a more general application to cultiva- 
tion of other strains of S. cerevisiae and the production of 
other recombinant products and is not limited to HBsAg. 

In general, yeasi batch fermentation in complex medium 
is eilher a growth-limited process or a carbon source-limited 
process, depending on the adenine and trehalose/lactate 
contents of the YE (yeast extract) lot used. 'ITie concentra- 
tion of these critical components in YE can vary dramati- 
cally due to variations in vendors* manufacturing processes. 
These inconsistencies contribute to fluctuations in fermen- 
tation performance, e.g., the amount of HBsAg produced. 
The analytical tools for adenine, trehalose and lactate in YE 
have been developed. Adenine content determines biomass 
production while carbon source (trehalose plus lactate) 
content affects antigen (HBsAg) product synthesis, and 
these two effects are related to each other. A mid-level 
adenine (0.06-0.1 g/42 g YE) and a high level trehalose plus 
lactate (>4 g/42 g YE) are the necessary requirements for a 
good lot, provided that the concentration of lactate does not 
exceed about 4.0 g/42 g YE. Concentrations of lactate 
exceeding about 4.0 g/42 g YE will cause significant change 
in fermentation pH profile. Many poor lots are improved by 
rational supplementation of adenine or trehalose or lactate or 
their combination. 

In this invention, there is provided a method for improv- 
ing culture medium with limiting carbon source for a 
recombinant yeast prototroph, comprising the steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentrations of trehalose and lactate; 

c) adjusting the concentration of trehalose plus lactate to 
more than or equal to about 4.0 g/42 g of yeast extract, 
provided that the concentration of lactate is less than or 
equal to about 4.0 g/42 g yeast extract. 

In one embodiment of this invention, there is provided a 
method for improving culture medium with limiting carbon 
source for a recombinant yeast prototroph, comprising the 
steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentrations of trehalose and lactate; 

c) adjusting the concentration of trehalose plus lactate to 
between about 5.0 g/42 g of yeast extract and about 8.0 
g/42 g of yeast extract, provided that the concentration 
of lactate is less than or equal to about 4.0 g/42 g yeast 
extract. 

This invention also provides a method of identifying bad 
lots of yeast extract for fermentation with limiting carbon 
source for a recombinant yeast prototroph, comprising the 
steps of 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentrations of trehalose and lactate; 
and 

c) identifying bad lots as those lots with subopiimai 
concentrations of trehalose or lactate. 

In another embodiment of this invention, there is provided 
a method for improving culture medium with limiting car- 
bon source for recombinant yeast adenine auxotrophs, com- 
prising the steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 
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b) measuring the concentration of one or more of adenine, 
trehalose and lactate; 

c) adjusting the concentrations of adenine to between 
about 0.06 to about 0.10 g/42 g of yeast extract, and of 
trehalose plus lactate to more than or equal to about 4.0 
g/42 g of yeast extract, provided that the concentration 
of lactate is less than or equal to about 4.0 g/42 g yeast 
extract. 

In another embodiment of this invention, there is provided 
a method for improving culture medium with limiting car- 
bon source for recombinant yeast adenine auxotrophs, com- 
prising the steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measming the concentration of one or more of adenine, 
trehalose and lactate; 

c) adjusting the concentrations of adenine to between 
about 0.06 to about 0.10 g/42 g of yeast extract, and of 
trehalose plus lactate to between about 5.0 g/42 g of 
yeast extract and about 8.0 g/42 g of yeast extract, 
provided that the concentration of lactate is less than or 
equal to about 4.0 g/42 g yeast extract. 

Another embodiment of this invention provides a method 
of identifying bad lots of yeast extract for recombinant yeast 
adenine auxotroph fermentation with limiting carbon source, 
comprising the steps of 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentration of one or more of adenine, 
trehalose and lactate; and 

c) identifying bad lots as those lots with suboptimal 
concentrations of adenine, trehalose or lactate, or com- 
bination thereof. 

Another embodiment of this invention is a method for 
improving culture medium with Umiting carbon source for 
recombinant yeast adenine auxotrophs for the synthesis of 
recombinant Hepatitis B surface antigen, comprising the 
steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentration of one or more of adenine, 
trehalose and lactate; 

c) adjusting the concentrations of adenine to between 
about 0.06 to about 0.1 g/42 g of yeast extract, and of 
trehalose plus lactate to more than or equal to about 4.0 
g/42 g of yeast extract, provided that the concentration 
of lactate is less than or equal to about 4.0 g/42 g yeast 
extract. 

Another embodiment of this invention is a method for 
improving culture medium with limiting carbon source for 
recombinant yeast adenine auxotrophs for the synthesis of 
recombinant Hepatitis B surface antigen, comprising the 
steps of: 

a) providing a quantity of a given lot of yeast extract to be 
tested; 

b) measuring the concentration of one or more of adenine, 
trehalose and lactate; 

c) adjusting the concentrations of adenine to between 
about 0.06 to about 0.1 g/42 g of yeast extract, and of 
trehalose plus lactate to between about 5.0 g/42 g of 
yeast extract and about 8.0 g/42 g of yeast extract, 
provided that the concentration of lactate is less than or 
equal to about 4.0 g/42 g yeast extract. 

Another embodiment of this invention is a method of 
identifying bad lots of yeast extract for recombinant yeast 
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adeniDe auxotropb femientation with limiting caiboa source The adenine content measured for a YE lot was found to 

in the synthesis of recombinant Hepatitis B surface antigen, be insensitive to heat-sterilization conditions, indicating that 

comprising the steps of adenine/growth relationship established at the 2-L sbake- 

a) providing a quantity of a given lot of yeast extract to be flask scale is applicable to laige scale. 

tested; 5 Relationship Between YE Adenine Content and Fermenta- 

b) measuring the concentration of adenine, trehalose and tion Performance 

lactate; and The biomass and antigen production of lots at the 2-L 

c) identifying bad lots as those lots with subopiimal scale was measured as they relate to adenine content. Good 
concentrations of adenine, trehalose or lactate, or com- correlation was obtained between growth and adenine in that 
bination thereof. lO biomass increased with adenine until the measured content 

It is understood that the yeast adenine auxotrophs are reached about 0.12 g/42 g yeast extracl(YE): after that the 

provided as illustrations of the techniques of identifying bad adenine level was no longer the limiting factor for growth, 
lots and rauonal supplementation of yeast extracts. Other ^-^^^^ relationship between adenine and antigen yield 

yeast auxotrophs as weU as yeast prototrophs provide existed except that most "good-yield" lots (^38 mg HBsAg/ 

suitable sources for yeast extract analytical screcnmg and t\ a ^ i i <• j • /nn^ /^i^ Ta-^ 

o..««io«,-*«»«.™ tu f 4U ■ ' u- ^5 L) possessed a mid-level of adenine (0.06-0.10 g/42 g YE), 

supplementation for the purpose of synthesizing recombi- ^/iT, . „ • i . i ^ j • 

nanl proteins although some "poor-yield" lots were also found in this 

In this invention, one preferred sum of the trehalose plus range. Thus, a mid-range adenine content is a desirable but 

lactate content is more than or equal to about 4.0 g/42 g YE, sufficient condition for optimal anUgen (HBsAg) pro- 

provided that the concentration of lactate does not exceed Auction. 

about 4.0 g/42 g YE. This upper limit in lactate cont*entra- ^0 Identification of Trehalose and Lactate as Metabolizable 

tion avoids suboptimal yields from high fermentation pH. Carbon Sources in YE 

The concentration of trehalose is in principle unhmited, but Supplementation of adenine to some YE lots boosted 

at levels above about 8.0 g trehalose/42 g YE, it is typically growth but decreased HBsAg specific production, and some 

not metabolized. At higher concentrations, no toxicity effect "supergrowth" lots due to high adenine contents supported 

of trehalose has been observed. It is preferable to have at 25 very poor antigen yields. The likely explanation was that the 

least both trehalose and lactate in the medium since they are abundant growth depleted the energy source such as ethanol 
providing an additional carbon source at different stages of required for antigen synthesis. On the other hand, a similar 

fermentation. Tliere are 42 g yeast extraa (YE) per liter of amount of ethanol should be produced from glucose (which 

the medium. is constant in every fermentation), yet in many cases growth 

Improvement of Fermentation Performance of "Poor- 30 or YE adenine content alone could not predict antigen yield 

Growth" Lots of the fermentation, and drastically different yields were 

It was observed that, in general, poor growth led to poor obtained for lots with very similar adenine or biomass level, 

volumetric HBsAg (i.e. antigen) yield; yet abundant. growth A carbohydrate HPLC analysis was employed to examine 

frequently also did not support good antigen production. YE components in conjunction with fermentation kinetic 

Because the addition of ^0.2 g/L adenine boosted growth to 35 analysis. It was discovered that there were two metaboliz- 

the range of that obtained with a "super-growth, poor-yield" able components in essentially every YE lot, a major dis- 

lot, it was possible that the ample biomass production might accharide peak and a smaller "lactate" peak, and their levels 

have depleted other nutrients/factors related to and neces- varied lot-to-lot. Since these two peaks decreased or disap- 

sary for antigen synthesis. Therefore an adenine titration peared after fermentation, the corresponding compounds 

study was carried out using a "poor-growth" lot, which 40 must have contributed to the fermentation by serving as 

supported low antigen tiler as expected. The results showed carbon/energy sources. 

that while the growth increased progressively as the adenine The disaccharide peak was assigned as trehalose, an 

concentration increased (up to 0.2 g/L). there was apparently isomer of maltose, because treating the YE sample with a 

an optimal level of adenine for antigen yield. In this case, specific trehalase resulted in reduction of this peak and the 

adding 0.1 g/L led to a 60% increase in titer. The on-line 45 formation of a glucose peak. As for the "lactate" component, 

respiration profiles of the cultures growing in another yeast incubation of the YE sample with L-lactate 

extract lot clearly demonstrated that the original medium 2-monooxygenasc led to a decrease in the peak size and the 

was limited in adenine and the addition of 0.04 g/L of formation of an acetate peak. In order to confirm the 

adenine boosted growth dramatically. A 40% increase in structures of these two components, their purification from 

biomass and 20% increase in antigen titer were achieved 50 YE was carried out by hot ethanol extraction followed by 

compared to the control batch. The sharp drop of OUR preparative HPLC on an analytical column. The purified 

(Oxygen Uptake Rate) at -32 hrs suggests that the higher compounds were identified as trehalose and lactate by NMR 

growth supported by the higher adenine concentration studies. 

quickly depleted ethanol (accumulated from glucose fer- Trehalose (a-D-glucopyranosyl a-D-glucopyanoside) is a 

mentation by the culture), a known provider of energy 55 storage material synthesized by baker*s yeast in response to 

source for antigen synthesis, resulting in a smaller increase environmental stress. Trehalose content amounts up to 20% 

in antigen titer than biomass. on dry cell weight basis. Since vendors' cultivation and 

Enzymatic Assay for Adenine in YE downstream processes could not be absolutely consistent, 

A method based on Naher (Methods of Enzymatic Analy- trehalose content in various YE lots was found by HPLC to 

sis 4, 1909 (1974)) was developed, in which adenine is 60 range widely from <1 to >7 g/42 g YE. As for the lactate 

deaminated by nitrous acid to hypoxanthine, and oxidized component, since baker's yeast does not accumulate this 

by xanthine oxidase rapidly and qunatitatively to xanthine metabolite, the minor amount detected (mostly <3 g/42 g 

and further to uric acid measurable at 293 nm (see YE) is often present due to lactobacillus contamination 

Examples). The conversion of adenine to uric acid during during the vendors'manufacturing processes, a common 

the assay was complete and quantitative. Finally, no fonna- 65 phenomenon in the baker's yeast industry, 

tion of uric acid was observed when xanthine oxidase was The utilization of trehalose and lactate from YE during a 

omitted. yeast fermentation at the 23-L scale was monitored. It was 
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found that lactate was rapidly metabolized as carboa source usable glycerol) for growth, which slightly delayed the 

for growth after glucose utilization, which delayed the depletion of ethanol, and thus could only slightly increase 

depiction of the accumulated cthanol, a known energy antigen titer. When trehalose was supplemented to the level 

source for antigen production. Broth pH increased during of about 8 g/42 g YE, similar catabohc profiles were 

lactate utilization and dropped back down thereafter. Glyc- 5 observed, and trehalose utilization provided carbon/energy 

erol was accumulated but not re-utilized due to membrane during synthesis phase which led to more active cells (as 

impermeability Trehalose was catabolized slowly during reflected by OUR profiles) and significantly higher antigen 

and after the oxidation of the accumulated ethanol, thus yield. It is noteworthy that more trehalose did not delay 

serving as carbon/energy source for the later phase of the ethanol depletion as seen with more glucose, indicating 

fermentation during which recombinant product antigen lO different mechanisms and the importance of the slowly- 

(HBsAg) was being synthesized. Besides being an energy released carbon/energy source which ensured the availabil- 

source, another plausible fiinction of trehalose is the stabi- ily of energy for antigen synthesis, 

hzation of cell membrane structure against environmental The effect of trehalose supplementation to various low-to 

stress. mid-trehalose lots at 23-L fermentor scale indicated that 

Relationship Between the Level of Trehalose Plus Lactate 15 most of them were improved mainly through the increase in 

and Fermentation Performance specific production, while the biomass was increased only 

Various lots which had been evaluated in 2-L yeast slightly compared to antigen titer. In most cases the on-line 

fermentations were analyzed for their trehalose and lactate OUR profiles showed the distinctive higher respiratory 

contents. The relationship between carbon source (trehalose activities at the synthesis phase compared to the respective 

plus lactate) contents and biomass gave no apparent corre- 20 controls. 

lation to relate growth and YE carbon source content, as cy ampi p 

most fermentations were limited by adenine. But there is a ^ , ^ . bXAMFLL \ 

readily apparent trend that up to 6 g/42 g YE higher caibon ^^^'^ Inoculum Development and Production Fermenta- 

source content supported higher antigen titers. The majority , r 

of the "good" lots (yielding >38 mg HBsAgA-) had >4 g/42 25 ^^^^^^ "^"""f ^^7" cxpenments was frozen seed 

g YE in carbon source and lots with less ih^ this level were ^'".'^^ ^^^'Tt . Z«f ^ vials of ^^cc/iflr^m^^^ cer- 

essentially aU "poor"- However, not aU the lots with respect- ^^^^ ^^^^'^'f (pHBS56.GAP347/33) 

able carbon source contents wei^ "good". About 80% of the 7^! medium for all seed stages was SxLeu contammg 90 

"good" lots possess mid-level adenine (0.06-0.1 g/42 g YE). f: ^^'^'f J?^ production fermentation medium was 

Effect of Lactate Supplementation on Fermentation Perfor- 30 ^"^'rH c ^ compnsed of 42 ^ yeast extract (Yh) 

jjjj^jj^ 35 g/L Hy-Soy peptone and 17 g/L dextrose (sterilized 

TTiere was a positive effect of lactate supplementation at f >u 'r^* ""f ^ presteriUzalion pH adjust«J to 5 0. 

23-L scale to a YE lot containing high adenine (0.13 g/L) glycol was added antrfoam at 0.5 ml/L for 

and low carbon sources (2.7 g tre, 0.6 g lact/L). Since lactate shake-fladc fennentation and 1 mVL for stined-tank fennen- 

metabolism was found to increase pH, the pH was manuaUy 35 ^enine lactate or trehalose was added prior to 

controlled to match the control. Clearly, the presence of 4.5 concentrations specified 

g/L more lactate provided carbon source for growth, thus ^ suspension (1.5 ml) was thawed at rooin 

sparing the ethanol. The resulting delay of ethanol depletion temperature and inoculated to a 250-mL Erlenmeyer flask 

(as reflected by CO, Evolution Rate or CER) made more ^f^'^^i 50 ml of medium After 24 h inciAation on a 

energy source available for antigen synthesis and hence led 40 '""^J' ^'^f (^20 rpm 28 C). twenty ml of the culniie 

to hi^er HBsAg titer transferred to a 2-L Erlenmeyer flask contammg 500 

New Mechanism of Trehalose Effect and Improvement of °^ medium and cultivated for 24 -b on a rotary shaker at 

Poor Lots by Rational Supplementation l^^^P™ ^"'^ ^ ^ '^e inoculum 

One known function of trehalose is the protection of 1°/ fcmentauon studies m the 2-L shake-flasks and in some 

microbial membrane integrity against environmental « 23-L tanks. For other 23-L scale fenrientaUons a third 

stresses because of its unique characteristics in forming ^'^f included which was developed for 24 h in a 23-L 

bonds with phosphodiester linkages in phosphoUpids. In the """Ti^ medium, at 28 C. with an 

yeast fermentation, however, the positive effect of trehalose agitation of 600 rpm and aeration of 6 IVmm. 

was often observed when trehalose was not intact. i.e.. when , 'i^^l^l'"'! ^'"^"^ °"' sh^ke-flask scale, 

it was split into glucose and catabolized. It appeared that 50 """^j-L baffled flask contaimng 200 ml of Enhanced YEHD 

trehalose afl-ected yeasl fermentation through slowly sup- "t^' "^^^ ^"^^ 

plying glucose for growth and product synthesis. The later ^l'*"* mcubated at 28» C. and 180 rpm on a rotary 

eflect was major in that after ethanol depletion at 24-36 his ^'"'^^f ^TJT' Por_23-L stirred-tank fermentations, an 

(depending on the lot) which led to the cessation of expo- ^^''^^'^ ^"^^ °' 

nential growth, ttehalose became the sole carbon/energy 55 third stage seed was used. The tanks were operated at 28" C. 

source available for antigen synthesis, as the glycerol pro- '^l"' a&"at'on of 600 rpm, an aeration of 1 2 Umin. and 

duced from glucose could not be re-utilized, and the lactate t^'"'^ P''^'" °^ R«sP>ratory activities (Oxygen 

brought in by YE and Hy-soy had been depleted in earlier V-P'""?" ^^'^ °' "J? EvoluUon Rate or CER). 

p}j2i5e dissolved oxygen and pH were momtored on-une, while 

Based on such a new mechanism, a poor YE lot (high 60 ^^^t'ohydrates were monitored off line by HPLC. 

adenine, and low trehalose plus lactate content) is improved EXAMPLE 2 

by providing additional trehalose. In one example, it was Analysis 

seen from the control that without additional trehalose. Growth was measured by optical density (OD) at 660 nm 

antigen synthesis essentially stopped when ethanol had on a spectrophotometer, or by dry cell weight (DCW). These 

depleted Qudged by OUR) and most of the original trehalose 65 two methods gave essentially the same conclusions. Carbon 

was consumed at -30 hrs. Addition of more glucose at 0 hr source compounds such as glucose, trehalose, lactate and 

resulted in accumulation of more cthanol (and more non- ethanol were analyzed by HPLC system. To profile antigen 



production, cell pellets of 50 OD units were prepared from 
fermentation broth samples taken at various time points, 
washed once with PBS buffer and stored at -70** C. till 
breakage. The lysate was prepared by vortex ing the cells 
with glass beads. The protein content in cell lysates was 
analyzed by the bicinchoninic acid method, and the HBsAg 
concentration was determined by enzyme immunoassay 
(ElA) using the commercially available assay kit. All results 
were back-calculated and expressed as fermentation titers 
(mg/L). 

The data was based on the assays carried out at the same 
time and under the same conditions for the experimentals 
and the respective controls to minimize variations from 
assay kits, standards, and assay conditions. Similarly, all the 
comparisons were based on the same experiment to elimi- 
nate dififerences due to culture conditions. When two or 
more measurements were carried out, average results were 
used. 



EXAMPLE 3 
Measurement of Adenine Content in Yeast Extracts 

Adenine content in various YE lots was determined by an 
enzymatic assay developed based on Naher (Methods of 
Enzymatic Analysis 4, 1909 (1974)) which involves adenine 
deamination by niU'ous acid and oxidation by xanthine 
oxidase to give uric acid measurable at 293 nm. The 
procedure is as follows: 

1 . Prepare 42 g/L YE sample by adding 24.5 ml of water and 
0.2 ml of 2 N HCl to 1.05 g YE powder and mixing 
throughly to get clear solution (the lot giving turbid 
solution is not desirable). Also prepare adenine standard 
solutions (0, 0.025, 0.05, 0.10, 0.20, 0.40 g/L) by diluting 
with water a 1.0 g/L, pH 2 stock solution (stable at 4'' C. 
for months). 

2. Mix throughly by vortexing 2.0 ml of the YE sample or 
the adenine standard with 0.9 ml of 20% (w/v) sodium 
nitrate and 0.1 ml of undiluted sulfuric acid in a 50-mL 
uncapped tube. Immediately put die mixture into a 37** C. 
water bath to incubate for 60 min with paper towel 
covering the uncapped tube. 

3. After taking out the tube add 1.0 ml of 20% (w/v) sodium 
hydroxide solution and mix well to stop reaction. This 
mixmre serves as the assay solution in the following steps 
and is foimd stable at 4^ C. for at least a month. 

4. Samrate Tris buffer (0.1 M, pH 8.0) with oxygen by 
sparging air to the buffer. Add 3,0 ml of this buffer and 30 
fd of the assay solution to a 5-mL cuvette. Seal the cuvelle 
with parafikn and invert to mix the content, and imme- 
diately read the extinction (El) at 293 nm on a spectro- 
photometer blanked with the standard containing 0 g/L 
adenine. Two readings should be made for each measure- 
ment and the values should not differ more than 0.002. 

5. Add 10//1 of l:10-diluted xanthine oxidase suspension 
(15.61 U/ml, diluted with 3.2 M ammonium sulfate) to the 
cuvette and seal the cuvette with parafilm. Invert to mix 
the content, and read the extinction at 292 nm the same 
way as above on the same spectrophotometer immediately 
and then every 5 min until a constant/maximal value (E2) 
is reached (generally in less than 30 min). 

6. Adenine concentration in a YE lot (g/42 g YE) is esti- 
mated from its E value based on a standard curve gener- 
ated from the authentic adenine samples (0, 0.025, 0.05, 
0.10, 0.20, 0.40 g/L, treated the same way and at the same 
time as the YE samples). E is calculated according to the 
following equation ("blank" has 0 g/L of adenine): 

£-(£2-£l)sainple -^-£l)blaiik 
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EXAMPLE 4 
Measurement of Trehalose and Lactate 

Trehalose and lactate contents in various yeast extract 
(YE) lots were determined by HPLC method using an 
ion -exchange column. The procedure is as follows: 

1. Prepare 42 g/L YE sample the same way as that for 
adenine analysis. Dilute the sample (1:5) with 0.005 M 
sulfuric acid (mobile phase) before filtering through a 
0.45/1 membrane. Also prepare trehalose (as dihydratc) 
standard solutions (0-2.0 g/L) and Na-lactate standard 
solutions (0-1.0 g/L) with the mobile phase. 

2. Generate the standard curves for trehalose and lactate on 
an HPLC system, and then analyze the YE sample. The 
equipment includes a solvent delivery pump, an automatic 
sampler injector and a detector. A 20-/<l sample is injected 
into coltunn containing a polystyrene divinylbenzene cat- 
ion exchange resin (for organic acids and alcohols) main- 
tained at 60** C. The sample is eluted isocratically with 
0.005 M suUiiric acid at 0.7 ml/min, and monitored for 
refractive index (RI) change. Sample peaks are identified 
and quantified by comparing with those of authentic 
compounds. Under these conditions, trehalose eluted at 
-7.3 min and lactate at -12.6 min. 
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EXAMPLE 5 
Purification of Trehalose and Lactate 

Purification of trehalose and lactate firom YE in order to 
confirm the structures by NMR was achieved through hot 
ethanol extraction followed by preparative HPLC on an 
analytical column. To 50 g of YE was added 200 ml of 
ethanol and the mixture was stirred for 30 min in an 85-90** 
C. water bath. The filtrate was allowed to cool at room 
temperature and the resulted precipitate was collected. After 
washing with cold ethanol and dried with air, the precipitate 
was dissolved in 2 ml of water. The preparation, estimated 
to be ^30% in weight purity in terms of trehalose, was 
injected and eluted repeatedly on the above analytical HPLC 
system for further purification (no prep column was 
available). The pooled trehalose and lactate fractions were 
dried by lyophilization before NMR structure determination. 

While the foregoing specification teaches the principles of 
the present invention, with examples provided for the pur- 
pose of illustration, it will be understood that the practice of 
the invention emcompasses all of the usual variations, 
adaptations, or modifications, as come within the scope of 
the following claims and its equivalents. 

What is claimed: 

1. A method of producing a yeast extract composition for 
use as an additive to culture media having a limiting carbon 
source concentration for a recombinant Saccharomyces cer- 
evisiae prototroph, comprising the steps of: 

a) providing a quantity of yeast extract to be tested; 

b) measuring the concentrations of trehalose and lactate in 
said quantity of yeast extract; 

c) adjusting the concentration of trehalose plus lactate to 
more than or equal to 4.0 g per 42 g dry weight of yeast 
extract if the concentration of trehalose plus lactate in 
the yeast extract as measured in step b) is less than 4.0 
g per 42 g dry weight of yeast extract; 

to produce a yeast extract composition for use as an 
additive to culture media having a limiting carbon 
source concentration for a recombinant Saccharomyces 
cerevisiae prototroph, wherein the yeast extract com- 
position obtained has a concentration of trehalose plus 
lactate of more than or equal to 4.0 g per 42 g dry 
weight of yeast extract. 

2. The method according to claim 1, wherein the adjust- 
ment in the concentration of trehalose plus lactate according 
to step c) is between about 5.0 g/42 g and about 8.0 g/42 g. 
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3. A method of producing a yeasl extract composition for 
use as ao additive to culture media having a limiting carbon 
source concentration for a recombinant Saccharomyces cer- 
evisiae adenine auxotrophs, comprising the steps of: 

a) providing a quantity of yeast extract to be tested; 5 

b) measuring the concentrations of adenine, trehalose and 
lactate in said quantity of yeast extract; 

c) adjusting the concentrations of adenine to between 
about 0,06/42 g to about 0.10 g/42 g dry weight of yeast 
extract if the concentration of adenine measured in step 
b) is less than 0.06 g/42 g dry weight, and adjusting the 
concentration of trehalose plus lactate to more than or 
equal to about 4.0 g/42 g dry weight of yeast extract if 
the concentration of trehalose plus lactate measured in 
step b) is less than 4.0 g/42 g dry weight, 

to produce, a yeast extract composition having a concen- 
tration of adenine between about 0.06 g/42 g to about 
0.10 g/42 g dry weight of yeast extract, a concentration 
of trehalose plus lactate of more than or equal to 4.0 g 20 
per 42 g dry weight of yeast extract and a concentration 
of lactate of less than or equal to about 4.0 g/42 g dry 
weight of yeast extract. 

4. The method according to claim 3, wherein the adjust- 
ment in the concentration of trehalose plus lactate according 25 
to step c) is between about 5.0 g/42 g and about 8.0 g/42 g. 

5. A method of producing a yeast extract composition for 
use as an additive to culture media with limiting carbon 
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source concentration for recombinant Saccharomyces cer- 
evisiae adenine auxotrophs for the synthesis of recombinant 
Hepatitis 6 surface antigen, comprising the steps of; 

a) providing a quantity of yeast extract to be tested; 

b) measiuing the concentrations of adenine, trehalose and 
lactate in said quantity of yeast extract; 

c) adjusting the concentrations of adenine to between 
about 0.06/42 g to about 0.10 g/42 g dry weight of yeast 
extract if the concentration of adenine measured in step 
b) is less than 0.06 g/42 g dry weight, and adjusting the 
concentration of trehalose plus lactate to more than or 
equal to about 4.0 g/42 g dry weight of yeasl extract if 
the concentration of trehalose plus lactate measured in 
step b) is less than 4.0 g/42 g dry weight, 

to produce a yeast extract composition having a concen- 
tration of adenine between about 0.06/42 g to about 
0.10 g/42 g dry weight of yeast extract, a concentration 
of trehalose plus lactate of more than or equal to 4.0 g 
per 42 g dry weight of yeast extract and a concentration 
of lactate of less than or equal to about 4.0 g/42 g dry 
weight of yeast extract. 
6. The method according to claim 5, wherein the adjust- 
ment in the concentration of trehalose plus lactate according 
to step c) is between about 5.0 g/42 g and about 8.0 g/42 g. 

***** 



Werten, M.W., et ai, "High-yield secretion of recombinant 
gelatins by Pichia pastoris". Yeast, 15:1087-1096 (1999) 



YEAST 

Yeast 15, 1087-1096 (1999) 

High-yield Secretion of Recombinant Gelatins by 
Pichia pastoris 

MARC W. T. WERTEN**, TANJA J. VAN DEN BOSCH\ RlCHfeLE D. WIND\ HANS MOOIBROEK' 
AND FRITS A. DE WOLF* 

^ Agrotechnohgical Research Institute (ATO-DLO), Bornsesteeg 59, 6708 PD Wageningen, The Netherlands 



Recombinant non-hydroxylated gelatins based on mouse type I and rat type III collagen sequences were secreted 
from the methylotrophic yeast Pichia pastoris, using the Saccharomyces cerevisiae a-mating factor prepro signal. 
Proteolytic degradation could be minimized to a large extent by performing fermentations at pH 3-0 and by adding 
casamino acids to the medium, even though gelatin is extremely susceptible to proteolysis due to its open, unfolded 
structure. Proteolytic cleavage at specific mono-arginylic sites, by a putative Kex2-like protease, could be successfully 
abolished by site-directed mutagenesis of these sites. Production levels as high as 14-8 g/1 clarified both were 
obtained, using multicopy tranformants. To our knowledge, this represents the highest level of heterologous protein 
secretion reported to date for P, pastoris. Copyright © 1999 John Wiley & Sons, Ltd. 
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INTRODUCTION 

Gelatin is a well-known biopolymer and has a long 
history of use, mainly as a gelling agent in food. It 
is, in essence, denatured collagen and is prepared 
by hot acid or alkaline extraction of animal tissues 
such as bones and hides (Asghar and Henrickson, 
1982). The gelling properties of gelatin are due to 
the remarkable amino acid sequence of its collagen 
ancestor. The so-called helical domain of this 
sequence consists of repeating Gly-Xaa-Yaa trip- 
lets, where Xaa and Yaa are often proline and 
hydroxyproline, respectively. In vivo, this poly- 
meric structure enables the assembly of three pro- 
collagen molecules into a collagen triple helix 
(Vuorio and De Crombrugghe, 1990). This is a 
highly ordered process by virtue of specific mutual 
recognition of the collagen propeptides. In con- 
trast, the denatured collagen triple helices in a 
heated gelatin preparation renature upon cooling 
to form randomly intertwining triple helices, 
resulting in the characteristic gel formation. 

Apart from its traditional use, gelatin is also 
employed in sophisticated technical and medical 
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applications, such as intravenous infusions 
(Saddler and Horsey, 1987), matrix implants 
(Pollack, 1990) and injectable drug delivery micro- 
spheres (Rao, 1995). The suitability of traditional 
gelatin for certain applications is, however, 
limited by its inherent characteristics. First, the 
above-mentioned extraction procedure results in 
chemically modified gelatin peptides covering a 
wide range of molecular weights (Ashgar and 
Henrickson, 1982). Second, traditional gelatin has 
a high gelling temperature due to its high content 
of helix-stabilizing hydroxyprolines. This can be 
undesirable for low temperature applications 
(Saddler and Horsey, 1987). 

In principle, gelatins of specific molecular 
weight can be prepared by biotechnological means. 
Production of non-gelHng (/.e. non-hydroxylated) 
gelatin-like proteins in Escherichia coli has been 
reported. It involves the expression of synthetic 
genes constructed from repeating (Gly-Xaa- 
Yaa)n-encoding units (Goldberg et a!., 1989; 
Cappello, 1990; Obrecht et aL, 1991; Gardner 
et ai., 1992). Many problems arise concerning 
the instability of these highly repetitive genes 
(Cappello, 1990). Probably, native gelatin 
sequences derived from collagen genes are more 
stable than synthetic gelatin-like sequences, 
because there is greater variation in amino acid 
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usage and less repetitiveness. Production in yeasts 
rather than bacteria may be preferable, since it 
has been reported that yeasts are well able to cope 
with repetitive genes (Strausberg and Link, 1990; 
Cappello and Ferrari, 1994; Fahnestock and 
Bedzyk, 1997). Furthermore, the methylotrophic 
yeasts especially can produce high levels of recom- 
binant protein (Hollenberg and Gellissen, 1997). It 
has recently been shown that proline hydroxyl- 
ation can be achieved in the yeasts P. pastoris and 
S. cerevisiae by co-expression of heterologous 
prolyl-4-hydroxylase (Vuoreia et aL, 1997; 
Vaughan et ai, 1998). Although we currently 
pursue the production of non-gelling gelatins, 
yeasts may thus also offer the possibility to pro- 
duce hydroxylated, gelling gelatins. Whichever 
host organism is chosen, a challenge remains to 
overcome the extreme susceptibility of non- 
hydroxylated gelatin to proteolytic degradation, 
resulting from its random coil conformation. In 
this paper we report the high yield extracellular 
production of native non-gelling gelatins by the 
methylotrophic yeast P. pastoris and we describe 
the minimization of their proteolytic degradation, 

MATERIALS AND METHODS 

Yeast strains and plasmids 

P. pastoris strains GS115 (his4\ Gregg et ai, 
1985) and SMD1168 {his4, pep4) and expression 
vector pPlC9 (Clare et al., 1991a) were obtained 
from Invitrogen. The pPIC9 plasmid contains a 
HIS4 selectable marker, an alcohol oxidase 1 
(AOXI) promoter/terminator cassette and a 5. 
cerevisiae a- factor prepro secretory signal. Vector 
pPIC9K was obtained from M. A. Romanos. It is 
identical to pPIC9 except that it also contains the 
Tn903 kan'^ gene, which enables the selection of 
multicopy transformants (Scorer et a/., 1994). 

Media composition 

Minimal dextrose plates consisted of 0-4mg/l 
biotin, 1-34% Yeast Nitrogen Base without amino 
acids (Difco), 1% dextrose and 1 -5% agar. Minimal 
glycerol medium contained 0-4 mg/1 biotin, 1 -34% 
Yeast Nitrogen Base without amino acids and 1% 
glycerol. Buffered minimal glycerol medium con- 
sisted of minimal glycerol medium supple- 
mented with lOOmM potassium phosphate, 
pH 6 0. Buffered minimal methanol medium was 
identical to buffered minimal glycerol medium 
but contained 0*5% methanol instead of glycerol. 



Fermentation basal salts medium contained, 
per litre: 267 ml phosphoric acid (85%), 0-93 g 
calcium sulphate dihydrate, 18-2 g potassium sul- 
phate, 14-9 g magnesium sulphate heptahydrate, 
4*13 g potassium hydroxide, 40 0 g glycerol and 
4-3 ml trace elements. Trace elements contained, 
per litre: 4-5 g cupric chloride dihydrate, 0 09 g 
potassium iodide, 3-5 g manganese chloride tetra- 
hydrate, 0 2 g sodium molybdate dihydrate, 0*02 g 
boric acid, 1*08 g cobalt sulphate heptahydrate, 
42-3 g zinc sulphate heptahydrate, 65 0 g ferrous 
sulphate heptahydrate, 0*2 g biotin and 5 0 ml 
sulphuric acid. 

Construction ofpCOLSAl andpCOLSAlK 
expression vectors 

Plasmid pRGR5, containing a partial rat 
proal(III) collagen cDNA (Glumoff et a!., 1994; 
Genbank Accession No. X70369), was digested 
with Pstl, yielding a 0-7 kb fragment encoding part 
of the helical domain. The resulting fragment was 
blunt-ended and inserted into the SnaBl site of 
pPIC9, yielding vector pC0L3Al. The vector 
pC0L3AlK was constructed by inserting a 10 kb 
BamHVEcoRl fragment isolated from pC0L3Al 
into the BamHlIEcoRl digested vector pPlC9K. 

Construction ofpCOLlAl-l andpCOLlAl-2 
expression vectors 

Two mouse type I collagen encoding DNA 
fragments of different length were amplified by 
PGR, such that both fragments shared the same 5' 
end. The primers were based on the mouse 
COLlAl sequence published by Li et al. (1994; 
Genbank Accession No. U08020) and were as 
follows: ClAl-FW: 5'-CTTCCCAGATGTCCTA 
TGGCTATGATG-3', ClAl-RVl: 5'-CCGGTC 
GAGGCGCTCGCCAGGAGGTCCAGGCAG-3' 
and C1A1-RV2: 5'-GCGCTCGAGGGGAGGA 
CGAATGGGACCAGTCAG-3'. PGR was per- 
formed on Mouse 17-day Embryo QUICK- 
Glone® cDNA (Glontech), using Advantage® 
IClenTaq Polymerase Mix (Glontech). A l Okb 
product (GOLlAl-1) was obtained using primer 
combination ClAl-FW/ClAl-RVl and a 1-8 kb 
product (COLlAl-2) was obtained using primer 
combination GlAl-FW/Gl A1-RV2. To enable 
cloning of these fragments, the pPlG9 vector was 
modified by insertion of an adapter, which was 
prepared by annealing two complementary oligo- 
nucleotides: 5'-TGGAAAAGAGAGAGGGTGA 
AGGTGGCATGGGATAAGTGGAGTAGG-3' 



Copyright © 1999 John Wiley & Sons, Ltd. 



Yeasi 15, 1087-1096(1999) 



RECOMBINANT GELATIN SECRETION BY PfCH/A PASTORIS 



1089 



and 5'-AATTCCTACTCGAGTTATCCCATGG 
GAGCTTCAGCCTCTCTCTTT-3'. This adapter 
was inserted into the X^iol/EcoRl sites of pPIC9, 
whereby the original X!w\ site was disrupted. The 
COLIAM and COLlAl-2 PGR products were 
digested with NcoMXhoX, after which the resulting 
helical domain encoding DNA fragments were 
cloned into the NcoMXhol sites within the adapter. 
The vectors pCOLlAl-1 and pCOLlAl-2 thus 
obtained were verified by DNA sequencing using 
an ALF automated sequencer (Pharmacia). 

Construction ofpCOLIAI-I* and pCOLIAJ-2* 
expression vectors 

Using plasmid pCOLlAl-1 as a template and 
using Pwo DNA polymerase (Boehringer- 
Mannheim), PGR was performed using the com- 
mercial vector primers 5'-AOXl and 3'-AOXl 
(Invitrogen) in combination with the following 
mutagenic primers (mutagenic positions are 
underlined): MUTIFW: 5'-GAGGGTGGGGGT 
TGAGGTGGACGAGGTGCAATGGGTCGGG 
GTGG-3\ MUTIRV: 5'-GCAGGGGGACCCA 
TTGGACCTCGTGGACCTGAACCGCCAGG 
CTC-3', MUT2FW: 5'-GGAGCTCCTGGCCA 
GCGAGGTGGAATGGGTGTGGGCGGTGAG 
AG-3', MUT2RV: 5'-GTGTCAGGGGGGAGAG 
CCATTGGAGCTCGGTGGGGAGGAGGTGG-3'. 
The primer combinations used were 5'-A0Xl/ 
MUTIRV, MUT1FW/MUT2RV and MUT2FW/3'- 
AOXl. The 0-5 kb, 0-3 kb and 0-7 kb PGR prod- 
ucts obtained, respectively, were combined by 
overiap extension PGR (Ho et aL, 1989) to form a 
doubly mutated 1-5 kb product. Digestion with 
BamWMApal resulted in a 10 kb DNA fragment 
which was subsequently inserted into BamHM 
^/?fll-digested pGOLlAl-1 and pGOLlAl-2, The 
plasmids pGOLlAl-1* and pGOLlAl-2* thus 
obtained were verified by sequencing. 

Transformation of P. pastoris 

Plasmids used for transformation were linear- 
ized with Sail in order to preferentially obtain 
Muf*" transformants (Le. by integration at the 
his4 locus and thus enabling normal growth on 
methanol) or with Bglll in order to preferentially 
obtain Mut^ transformants (/.e by integration at 
the AOXI locus and thus resulting in slow growth 
on methanol; Glare et ai, 1991b). P. pastoris was 
transformed by electroporation (Becker and 
Guarente, 1991) using a GenePulser (Biorad) set 
at 1500 V, 25 ^aF and 200 Q and using 0-2 cm 
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cuvettes. After growth on minimal dextrose plates 
at 30°C for 3 days, several colonies were selected 
for PGR confirmation of the Mut genotype 
according to Under et al. (1996), with the excep- 
tion that extension at 72*'G was for 2 min and 
cells were used directly for PGR without any 
pretreatment. 

Selection of multicopy P. pastoris transformants 

Multicopy Mut"^ pG0L3AlK transformants 
were selected on basis of G418 resistance, essen- 
tially as described by Scorer et aL (1994). Copy 
numbers were estimated by a quantitative dot blot, 
as described by Glare et al. (1991b), with the 
following modifications. The blot was hybridized 
to a C0L3AI probe. A URA3 probe was used 
for normalization of the amounts of DNA trans- 
ferred. The blots were subjected to autoradiogra- 
phy and the signals were quantified by using a 
densitometric scanner (PDI). 

Small-scale production of recombinant gelatins in 
P. pastoris 

Transformants were grown overnight in buf- 
fered minimal glycerol medium, harvested and 
resuspended in buffered minimal methanol 
medium to an ODgoo of 1 0 (Muf^) or 10 0 (Mut^). 
Gells were grown in baifled shaking flasks for 
4 days at 30*G and 250 rpm, with methanol being 
added to 0-5% every day. 

Fermentative production of recombinant gelatins in 
P. pastoris 

Fermentations were performed in 1 1, 2 1, 20 1 or 
1401 fermenters (Applikon). At the start of the 
fermentation, the fermenter contained half the 
working volume of fermentation basal salt 
medium, which optionally contained 1% casamino 
acids. Fermentation conditions for Mut"^ trans- 
formants were as follows. The temperature was set 
at 30'*G, agitation at 500 rpm and aeration rate at 
1 vvm. The pH was adjusted to pH 5-0 with 25% 
ammonium hydroxide. The fermenter was inocu- 
lated with 10% of the initial fermentation volume 
of a culture grown in minimal glycerol medium. A 
batch culture was grown until the glycerol was 
completely consumed. Aeration and agitation were 
increased to 2 vvm and 1000 rpm, respectively. A 
glycerol fed-batch phase was initiated by feeding 
50% glycerol containing 12 ml/1 trace salts, at a 
rate of 18ml/h per litre initial fermentation vol- 
ume. The pH was either maintained at 5 0 by the 
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addition of 25% ammonium hydroxide, or was 
allowed to drop to 3-0 by the yeast's metabolism. 
The glycerol feed was discontinued when the cell 
wet-weight reached approximately 180 g/1. After 
complete consumption of the glycerol, additional 
casamino acids were optionally added to 1% of 
the initial fermenter volume and the culture was 
induced by initiating a 100% methanol feed con- 
taining 12 ml/I trace salts. The feed rate was 
initially set at 3ml/h per litre initial fermenter 
volume, and was gradually increased to maximally 
9 ml/h per litre initial fermenter volume. Fermen- 
tation conditions for Mut^ transformants were 
similar, but the methanol feed rate was initiated at 
1 ml/h per litre initial fermenter volume and was 
gradually increased to 3 ml/h per litre. Throughout 
the fermentation, 2 ml culture samples were col- 
lected and spun at 20 000 x g for 5 min, after 
which the wet cell pellets were weighed. The super- 
natants were filtered using a disposable 0*22 ^m 
filter. 




0 20 40 60 80 100 



Time (hours) 

Figure 1. Growth and productivity curves of a 20 1 COL3A1 
fermentation at pH 3 0. The culture was grown in glycerol batch 
mode for 0-16-5 hand in glycerol fed-batch mode for 16-5-21 h, 
after which protein expression was induced by initiating a 
methanol-fed batch. Biomass is expressed as cell wet-weight (g) 
per litre of broth. Product concentrations are expressed in 
gelatin (g) per litre of clarified broth and were determined using 
the BCA Protein Assay (Pierce) with analytical grade gelatin as 
a reference, after removal of endogenous secreted proteins by 
acetone fractionation (see Materials and Methods). 



Quantification of produced gelatins 

In order to quantify the amounts of gelatin 
secreted into the medium, the gelatin was sep- 
arated from extracellular endogenous proteins 
by acetone fractionation. Endogenous proteins 
were precipitated at 40% (v/v) acetone. The gelatin 
in the supernatant was precipitated by further 
increasing the acetone concentration to 80% (v/v), 
after which the resulting pellet was washed with 
80% (v/v) acetone. The effectiveness of this separ- 
ation was demonstrated by SDS-PAGE and by 
the observation that the determined amino acid 
composition closely matched that of pure gelatin 
(most markedly the approximate 33% Gly and 
22% Pro). Gelatin concentrations were subse- 
quently determined using the enhanced protocol of 
the BCA Protein Assay (Pierce) with analytical 
grade gelatin (Merck) as a reference. 

SDS-PAGE and N-terminal protein sequencing 

SDS-PAGE (Laemmli, 1970) was performed in 
a Mini-PROTEAN II system (Biorad) under 
reducing denaturing conditions. For N-terminal 
protein sequencing, proteins were blotted onto 
Immobilon P^ membrane (Millipore) by applying 
100 V for I h in a Mini Trans-Blot Cell (Biorad). 
Transfer buffer was 2-2 g CAPS per litre of 10% 
methanol, pH 1 1 . Blots were stained with Coomas- 
sie brilliant blue and selected bands were cut out. 



N-terminal protein sequencing using Edman 
degradation was performed by Sequentiecentrum 
Utrecht, The Netherlands. 

RESULTS 

Production of ColSal gelatin 

A 0-7 kb rat C0L3A1 cDNA fragment, 
encoding a 21 kDa gelatin, was cloned into the 
P, pastoris expression vector pPIC9, The vector 
pC0L3AI thus obtained was used to transform 
P. pastoris GS115. For each construct, several 
Mut^ transformants were randomly chosen and 
tested for gelatin production in shaking flasks. 
SDS-PAGE of the culture supematants showed 
no significant differences in productivity between 
different transformants. 

A representative C0L3A1 transformant was 
selected for fermentation experiments. A growth 
and productivity curve of a typical C0L3A1 fer- 
mentation of pH 3 0 is shown in Figure I. Routine 
Col3al production levels of 4-5 g/1 clarified 
broth were produced at a biomass wet-weight of 
300-500 g/1. 

Culture supernatants harvested throughout 
the fermentation were subjected to SDS-PAGE, 
Collagenous proteins are known to migrate in 
SDS-PAGE at an apparent molecular weight 
approximately 1-4 times higher than the true 
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Figure 2. SDS-PAGE of COL3A1 fermentations at pH 3 0 
and pH5 0. (A) Lanes 1-4: 2^1 culture supernatant of a 
fermentation at pH 3 0, collected at 16-5, 41, 64-5 and 89 h, 
respectively. Lane M: molecular weight marker (Pharmacia). 
(B) Lane I: 2jil culture supernatant of a fermentation at 
pH 5-0, collected at 93 h. Lane M: molecular weight marker 



molecular weight (Butkowski et al., 1982). Accord- 
ingly, the apparent molecular weight observed 
for the 21 kDa Col3al gelatin was 29 kDa 
(Figure 2A). Apart from the full-length band, 
minor degradation products of about 21 kDa were 
visible. Initially, fermentations were performed 
at pH 5 0, but during the course of fermentation 
the full-length band was completely degraded 
into 21 kDa and smaller bands (Figure 2B). This 
pH effect suggests that the proteases involved 
were extracellular neutral proteases. It has been 
reported that supplementation of the fermentation 
medium with casamino acids can reduce extra- 
cellular proteolysis (Clare, 1991a). When applied 
to Col3al fermentations at pH 3 0, no such effect 
was observed (data not shown). 

Circular dichroic spectroscopy performed 
according to De Wolf and Keller (1996) showed 
that at 5*C the Col3al product remained largely in 
the random coil conformation and is thus essen- 
tially non-gelling. This is in accordance with the 
absence of helix-stabilizing hydroxyprolines, as 
confirmed by determination of the amino acid 
composition (data not shown). 

Production of Collal-l and Collal-2 gelatins 

A l Okb mouse COLlAl cDNA fragment 
encoding a 28 kDa gelatin (Collal-l) and a 1*8 kb 
COLlAl cDNA fragment encoding a 53 kDa 
gelatin (Collal-2), were cloned in pPIC9. The 
vectors pCOLlAl-l and pCOLlAl-2 thus 
obtained were used to transform P. pastoris, after 
which representative transformants were selected 
for fermentation. 

Optimized COLlAl-1 fermentations involved 
growth at pH 3 0 and supplementation of the 




B 



kDa M I 



Figure 3. SDS-PAGE of COLlAl fermentations at pH 3 0 
with or without supplementation of the media with casamino 
acids. (A) Lanes 1-4: 3 nl culture supernatant of a fermentation 
supplemented with casamino acids, collected at 21, 45, 70 and 
94 h, respectively. Lane M: molecular weight marker. (B) Lane 
1: 10 pi culture supernatant of a fermentation without supple- 
mentation with casamino acids, harvested at 94 h. Note that 
while three times more supernatant was loaded than in lane 4 of 
(A), the full-length 38 kDa band can barely be discerned from 
background proteins. Lane M: prestained molecular weight 
marker (Biorad). 



medium with casamino acids. Expression levels 
ranged from 2-3 g/1 in the clarified broth. SDS- 
PAGE results are shown in Figure 3A. Apart from 
minor degradation products, several distinct major 
bands can be observed. The highest of these major 
bands has an apparent molecular weight of 
38 kDa, which corresponds well to the apparent 
molecular weight expected for full-length 
Collal-l. Although the results obtained from 
fermentations at pH 5-0 were not significantly 
different from those at pH 3 0 (data not shown), 
the presence of casamino acids in the medium 
appeared to be important. The full-length band 
was barely detectable in fermentations that did not 
contain casamino acids (Figure 3B). 

A P. pastoris COLlAl -2 transformant was 
fermented under the same conditions used in the 
optimized COLlAl-1 fermentations. Expression 
levels ranged from 2-3 g/1 in the clarified broth. 
SDS-PAGE showed a similar banding pattern to 
that obtained for COLlAl-1 (Figure 4). Interest- 
ingly, the lowest two major bands of the Collal-2 
gelatin have the same apparent molecular 
weight as the lowest two bands of Collal-l. The 
highest Collal-2 band has the expected apparent 
molecular weight of 74 kDa. 

Analysis of Coll al protein fragments and 
site-directed mutagenesis 

In order to establish their identity, the Collal 
protein fragments were subjected to N-terminal 
protein sequencing. Sequences corresponding to 
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Figure 4. SDS-PAGE of a COLl Al-2 fermentation at pH 30 
supplemented with casamino acids. Lanes 1-4: 3^1 culture 
supernatant, collected at' 24, 50, 96 and 164 h, respectively. 
Lane M: molecular weight marker. 

both the N-terminus (double underlines in 
Figure 5) and to internal positions were obtained 
(single underlines in Figure 5). The sequences 
corresponding to the N-termini of full-length 
Collal-1 and Coll al-2 revealed a Glu-Ala exten- 
sion. Such an extension of one or more Giu-Ala 
pairs, derived from the a-factor prepro secretory 
signal, is known to be present in some cases due 
to incomplete processing by the STEI3 gene prod- 
uct (Vedvick et ai, 1991). In the case of Collal, 
this may well be caused by the presence of a 
proline residue immediately C-terminal to the 
Glu-AIa-GIu-Ala spacer (Van den Bergh et al., 

mi). 

Based on their N-terminal sequences and their 
molecular weights as determined by SDS-PAGE 
(corrected for the anomalous migration rate of 
collagenous proteins), the protein fragments could 
be assigned to distinct parts of the theoretical 
Collal sequence (Table 1). Interestingly, the 



N-terminal sequences of the internal Collal pep- 
tides were preceded in the theoretical sequence by 
the sequence Met-Gly-Pro-Arg (Figure 5, resi- 
dues 38^1 and 122-125). This sequence occurs 
only at these two positions in Collal-1 and 
Col la 1-2, suggesting that it was possibly recog- 
nized by a specific endopeptidase. In order to 
verify this hypothesis, the cleavage sites were 
altered by site-directed mutagenesis. To preserve 
the native amino acid composition of Collal, the 
sequences were converted to Arg-Gly-Pro-Met, 
yielding plasmids pCOLl AM* and pCOLl Al-2*, 
respectively. P. pastoris strain GS115 was trans- 
formed with plasmids pCOLlAl-1* and 
pCOLlAl-2* and fermentations were performed 
as described for COLl A 1-1 and COLl A 1-2. SDS- 
PAGE of the culture supernatant shows that, aside 
from minor degradation products, one major band 
of the expected full-length size is formed for 
COLlAl-1* as well as COLl Al-2* (Figure 6). The 
N-terminal sequences of the full-length bands were 
determined and were found to be identical to the 
expected N-terminus of intact Collal, although 
again extended with Glu-Ala. 

Alternative recombinant gelatin production 
strategies 

In order to investigate whether the Mut pheno- 
type had an effect on productivity or proteolysis, 
Mut^ COL3A1 and COLl A 1-1 transformants of 
GS115 were generated. Fermentation of these 
transformants at pH 3 0 did not show any reduc- 
tion in proteolysis and did not improve yield (data 
not shown). 

It has been reported that the use of the protease 
A-deficient P, pastoris strain SMDl 168 can some- 
times reduce proteolysis (Sreekrishna and Kropp, 
1996). To verify its applicability for the production 
of recombinant gelatin, Mut"*" C0L3A1 and 



1 PMGPSGPR GL PGPPGAPGPQ GFQGPPGEPG EPGGSGPMGP RGPPGPPGKN G DDGEAGKPG 

61 RPGERGPPGP QGARGLPGTA GLPGMKGHRG FSGLDGAKGD AGPAGPKGEP GSPGENGAPG 

121 QMGPR GLPGE RGRPG PPGTA GARGNDGAVG AAGPPGPTGP TGPPGFPGAV GAKGEAGPQG 

181 ARGSEGPQGV RGEPGPPGPA GAAGPAGNPG ADGQPGAKGA NGAPGIAGAP GFPGARGPSG 

241 PQGPSGPPGP KGNSGEPGAP GNKGDTGAXG EPGATGVQGP PGPAGEEGKR GARGEPGPSG 

301 LPGPPGERGG PGSRGFPGAD GVAGPKGPSG ERGAPGPAGP KGSPGEAGRP GEAGLPGAKG 

361 LTGSPGSPGP DGKTGPPGPA GQOGRPGPAG PPGARGQAGV MGFPGPXGTA GEPGKAGER6 

421 LPGPPGAVGP AGKDGEAGAQ GAPGPAGPAG ERGEQGPAGS PGFQGLPGPA GPPGEAGKPG 

481 EQGVPGDLGA PGPSGARGER GFPGERGVQG PPGPAGPRGN NGAPGNDGAK GDTGAPGAPG 

541 SQGAPGLQGM PGERGAAGLP GPKGDRGDAG PKGADGSPGK DGARGLTGPI GPPLE 

Figure 5. Theoretical Col lal -2 protein sequence. Collal -1 shares residues 1-308 with Col 1 al -2 and 
ends with Leu^lu, as does Collal -2. The N-terminal sequences obtained for the Collal protein 
fragments are underlined. Double-underlining at the N-terminus indicates that two fragments gave 
the same N-terminal sequence, both of which had a Glu-Ala extension. 
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Table 1. Apparent and theoretical molecular weights of Collal fragments. 





Apparent 


Corrected 




Theoretical 




molecular 


molecular 




molecular 


Recombinant 


weight 


weight 


Assigned 


weight 


gelatin 


(kDa) 


(kDa) 


residues 


(kDa) 



Collal-1 38 27 1-310 28 

24 17 126-310 16 

18 13 1-125 12 

15 11 42-125 8 

Collal -2 74 53 1-595 53 

56 40 126-595 42 

18 13 1-125 12 

15 11 42-125 8 



Apparent molecular weights are values derived by comparison with globular molecular weight marker 
proteins. Corrected molecular weights are the apparent molecular weights divided by 1 -4 to account 
for the aberrant migration rate of collagenous proteins, as compared to globular proteins. Theoretical 
molecular weights were calculated from the indicated parts of the sequence. Note that both Collal 
types share corresponding protein fragments, having apparent molecular weights of 15 and 18 kDa. 



COL 1 A 1-1 transformants of this strain were con- 
structed and fermented at pH 3 0. SDS-PAGE of 
the culture supernatants revealed no decreased 
proteolysis or improved productivity (data not 
shown). 

To further increase expression levels in P. 
pastoris GS115, the COLS A] DNA fragment was 
cloned into the vector pPIC9K, which allows the 
selection of multicopy transformants (Scorer et ai.. 




Figure 6. SDS-PAGE comparison of CollaM, Collal-1*, 
Coll a 1-2 and Coll a 1-2*. All fermentations were performed at 
pH 3 0 and were supplemented with casamino acids. Culture 
supernatants were collected at the end of each fermentation and 
purified by acetone fractionation (see Materials and Methods). 
The apparent molecular weights of the full-length bands are 
indicated. Unes 1-4: CoUal-l, Collal-1*, Collal-2 and 
Col la 1-2*, respectively. Lane M: molecular weight marker. 



1994). A series of transformants containing 
approximately 1-15 copies of the vector was 
obtained, as determined by quantitative dot-blot 
analysis (data not shown). A shaking flask pro- 
uction expression experiment showed that pro- 
ductivity appeared to increase with increasing 
gene copy number. To investigate this further, 
transformants containing 5 or 15 copies were 
fermented. The 5-copy transformant produced 
ll-3g gelatin/litre and the 1 5-copy trans- 
formant produced 14-8 g gelatin/litre of clarified 
broth. Thus, productivity was considerably 
improved as compared to the single-copy COL3A1 
transformant. 



DISCUSSION 

This paper describes the extracellular production 
of recombinant gelatins in F. pastoris. Different 
strategies were used to reduce the proteolytic deg- 
radation of this extremely vulnerable unfolded 
protein. 

Initial fermentations of C0L3A1 at pH 5 0 
resulted in severe degradation of the full-length 
protein. This effect could be minimized by per- 
forming the fermentation at pH 3 0, suggesting 
proteolysis by extracellular proteases. In contrast, 
degradation of Collal-1 and Collal-2 could not 
be repressed by fermenting a pH 3-0. These gela- 
tins were degraded to several distinct degradation 
products from the onset of fermentation. In order 
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to obtain detectable amounts of the full-length 
Coll a 1-1 band, it was necessary to supplement the 
fermentation medium with casamino acids. This is 
in contrast with COL3AI fermentations, where the 
use of casamino acids did not have any effect on 
degradation. Despite the beneficial effect of adding 
casamino acids to the medium, which has been 
reported to repress extracellular proteases (Clare 
et al., 1991a), the distinct major Coll a 1 degrada- 
tion products were still formed. Their formation at 
the onset of fermentation suggests that some type 
of proteolytic cleavage may take place intracellu- 
larly. This notion is supported by the finding that 
incubation of the (clarified as well as non-clarified) 
Collal-1 fermentation broth at 30"C for many 
days did not lead to degradation of the full-length 
band to the smaller species (data not shown). 

N-terminal sequence analysis of the Col la 1 
bands showed that the shorter species were inter- 
nal fragments. The internal sequences were differ- 
ent from each other, but both were preceded in the 
theoretical Collal sequence by Met-Gly-Pro- 
Arg. We hypothesized that Met-Gly~Pro-Arg 
might represent a motif that is specifically cleaved 
by an endopeptidase. Indeed, conversion in 
CoUal-l and Collal -2 of the Met-Gly-Pro-Arg 
sequences by site-directed mutagenesis to Arg- 
Gly-Pro-Met resulted in the disappearance of 
the major degradation products in favour of 
the full-length proteins. Basic residues or pairs 
of basic residues are a well-known recognition site 
for proteolytic processing of prohormones in 
eurkaryotes (for review, see Van de Ven et aL, 
1993). The S. cerevisiae subtilisin-like Kex2 pro- 
tease was the first known enzyme with a cleavage 
specificity for paired basic residues (Julius et ai, 
1984). It has been suggested that Kex2 is also able 
to cleave the mono-arginylic sequence Pro-Arg 
(Mizuno et al,, 1989). If Kex2 were to recognized 
Pro-Arg in the Met-Gly-Pro-Arg sequence, one 
might expect cleavage of all occurrences of Pro- 
Arg, in view of the absence of folded structure in 
non-hydroxylated gelatin. However, Collal and 
Col3al do contain the sequences Ala-Gly-Pro- 
Arg, Ser-Gly-Pro-Arg, Gln-Gly-Pro-Arg, Pro- 
Gly-Pro-Arg and a dibasic Glu^ly-Lys-Arg, 
which are apparently not cleaved, or at least not to 
the extent of the Met-Gly-Pro-Arg sites. Further- 
more, the conversion of residues 38-41 (Figure 5) 
to Arg-Gly-Pro-Met coincidentally generates the 
sequence Ser-Gly-Pro-Arg, which is evidently not 
substantially cleaved, since the mutations were 
effective in enabling the expression of full-length 

Copyright © 1999 John Wiley & Sons, Ltd. 



ColIal-1 and Col la 1-2. Thus, we conclude that 
neighbouring residues are involved in recognition 
by the protease. As both the + 1 and the - 3 
position (relative to the site of cleavage) are occu- 
pied by Gly in all of the above mentioned Pro-Arg 
sites in the recombinant gelatins, it is likely that the 
residue at the - 4 position is the determining 
factor for cleavage, Brenner and Fuller (1992) 
mention that known Kex2-cleaved sites appear to 
contain aliphatic residues at the -4 position. 
Elaborating on this, we observe that the ~4 
position in known cleaved proteins is occupied by 
the more hydrophobic [Leu-Ue-Val-Met] subset 
of the aliphatic residues (Singh et a/., 1983; Zhu 
et ai, 1992; Ledgerwood et al., 1995; Rourke et aL, 
1997). Although probably constituting the pre- 
ferred ICex2 substrates, a basic or proline residue 
at the — 2 position may not be strictly necessary 
(Brenner and Fuller, 1992; Rourke et aL, 1997). 
We therefore speculate that the mono-arginylic 
sequence Met-Gly-Pro-Arg is cleaved by Kex2 
or a Kex2-like protease, which may recognize 
sequences conforming to the motif [Leu-Ile-Val- 
Met]-Xaa-Yaa-Arg. Accordingly, this motif 
occurs only at the two Met-Gly-Pro-Arg sites in 
the Collal sequence, in contrast with a mere 
Pro-Arg motif. It will require the construction of a 
P. pastoris KEX2 gene disruptant to determine 
whether this protease is indeed involved in the 
cleavage at Met-Gly-Pro-Arg. 

In an attempt to further enhance the yield 
and integrity of the recombinant gelatins, several 
strategies were employed. The use of Mut^ trans- 
formants or transformants of the protease A 
deficient strain SMDl 168 did not lead to enhanced 
productivity or reduced degradation. Productivity 
was, however, substantially improved by the use of 
multicopy transformants. A transformant bearing 
approximately 15 copies of the pC0L3Al vector 
produced up to 14-8 g gelatin/litre extracellular 
medium. To our knowledge, this represents an 
unprecedented high yield of secreted heterologous 
proteins in P. pastoris. 

In view of the high productivity obtained, P, 
pastoris is apparently well able to cope with the 
extraordinary sequence of gelatin, which is highly 
repetitive and codes for some 33% Gly and 22% 
Pro. The codon usage for these amino acids in the 
rat C0L3AI sequence fits that of P. pastoris highly 
expressed genes (Sreekrishna and Kropp, 1996) 
fairly well. The codon usage of the COLlAl-1 
and CO LI A 1-2 sequences, however, differs con- 
siderably. In the COLJAJ'l sequence, glycine is 

Yeasi 15, 1087-1096 (1999) 



RECOMBINANfT GELATIN SECRETION BY PICHIA PASTORIS 



1095 



encoded by the codon GGC in 28% of occurrences, 
while this is only 3% in the P. pastoris highly 
expressed genes. In the case of the proline encod- 
ing codon CCC this is 31% and 4%, respectively. 
Possibly, this codon usage may account for the 
lower expression levels of Coll a 1-1 and Collal-2 
as compared to Col3a 1 . 

It has been suggested that the maximum level of 
protein secretion is ultimately determined by the 
protein-folding capacity of the endoplasmic reticu- 
lum (Parekh et al., 1995; Parekh and Wittrup, 
1997). Exceeding this capacity by the use of multi- 
copy transformants is thought to result in the 
accumulation of unfolded proteins in the endo- 
plasmic reticulum and a concomitant vast decrease 
in the level of expression due to physiological 
instability. In this respect^ the unique characteris- 
tics of gelatin may provide an explanation for the 
exceptionally high secretion levels obtained 
with our multicopy transformants. As non- 
hydroxylated gelatin is unfolded, it will probably 
not drain the folding capacity of the endoplasmic 
reticulum. Also, in contrast with incorrectly folded 
globular proteins, it is not likely that the unfolded 
gelatin will aggregate and accumulate in the endo- 
plasmic reticulum, due to its outstanding solu- 
bility. This notion is supported by the observation 
that lysed cells did not show significant intracellu- 
lar retention of recombinant gelatin (data not 
shown). 

It can be concluded that P. pastoris is a very 
suitable host for the production of recombinant 
gelatins. The levels of heterologous protein secre- 
tion were exceptionally high. Proteolytic degrada- 
tion could be minimized despite the unfolded 
structure of gelatin. Given the ease of upscaling 
fermentations of P, pastoris, these findings open up 
possibilities for economical large-scale production 
of recombinant gelatins. 
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